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PREFACE. 



In preparing the following pages on Bridge Design the 
attempt has been made to present the subject both rationally^ 
as an application of the principles of mechanics, and practically^ 
as an illustration of modern economic structures. Although 
Chapters I-VII treat largely of the former and IX-XIX of the 
latter, the two ideas are everywhere blended, as they necessarily 
must be to secure proper strength and greatest economy. 

Since probably more than ninety per cent of all bridges are 
those resting on two supports, this volume is confined to that 
class. For a beginner the study of bridge design should be 
largely that of proportioning details according to given speci- 
fications, and simple bridges furnish these in endless variety. 
The plan here adopted is to discuss the details directly in con- 
nection with a proposed design, as thus the dependence of one 
thing upon others is most clearly seen. Railroad bridges are 
mainly chosen for illustration, but two highway structures for 
electric-car traffic are given, the subject of roofs is treated in 
two chapters, and another is devoted to elevated railways. 

Chapters IV-VII, which have been prepared by Professor 
Jacoby, present the complete computations for the design- of a 
roof truss, a plate-girder bridge, a pin bridge and a riveted 
bridge. In each case the design is based upon standard speci- 
fications, every requirement of which is fully carried out, and 
it is believed that the fulness of the discussions will render 
them valuable to young engineers as well as to students. The 
entire effect of wind has been considered, and hence somewhat 
heavier sections are deduced than are common in practice. 

• • • 
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Attention is also called to the design of the pin plates and 
riveted joints, and to the new diagram in Article 16 by which 
rivet computations may be quickly made. 

The historical and critical remarks in Chapters I and II 
refer to a branch of the subject often neglected in technical 
schools. Chapter VIII is mostly intended for teachers, but 
students will find in it some good advice. Chapters IX-XI, 
on shop methods, present important information not readily 
accessible in print. Chapters XII-XIX contain examples of 
different types of bridges recently erected by different com- 
panies, and will be especially useful for reference during the 
progress of class designs ; for each of these the data and speci- 
fications are given, so that students may check the results or 
make similar designs with other lengths of span. 

Grateful acknowledgments are due to many railroad and 
bridge engineers for kind assistance : to F. H. Lewis and 
J. A. L. Waddell for permission to use their specifications ; 
to Theodore Cooper for similar permission and for valuable 
suggestions and advice ; to GEORGE S. MORISON for the use 
of his expansion bearings; to CHARLES M. JARVIS for the 
chapter on Bridge Shops and Buildings ; to SAMUEL TOBIAS 
Wagner for the chapter on Shop Practice ; to O. J. Mar- 
STRAND for the chapter on Elevated Structures ; to GEORGE H. 

Thomson, Charles S. Churchill, Charles C. Schneider, 
Charles S. Maurice, John Sterling Deans, and H. O. 

Duerr, for data and drawings of examples of the best modern 
practice in bridge design. 

Mansfield Merriman. 
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BRIDGE DESIGN. 



CHAPTER I. 
HISTORY AND LITERATURE. 

Art. I. Bridge Design prior to 1800. 

Bridge design prior to the year 1800, and indeed for many 
years after, was almost wholly empirical. Arch bridges of stone 
liad been successfully built since the time of the Romans, and 
structures of timber were used for roofs and often for bridges, 
but the true idea of a bridge truss and of the functions of its 
members was not fully developed until near the middle of the 
present century. The oldest wooden bridge on record is the 
famous " Pons Sublicius '* built across the Tiber at Rome in 
621 B.C., but this, like CiESAR*S bridge across the Rhine in 55 
B.C., is believed to have been merely a pile or trestle structure. 
The great bridge built by Trajan over the Danube, 105 A.D., 
consisted of wooden arches, some of which were 180 feet in 
span. 

A bridge truss is a structure whose members are so 
arranged that they are subject only to longitudinal stresses 
of tension and compression, and which exerts only vertical 
pressures on the supporting piers or abutments. The mem- 
bers should be arranged in triangular figures so that no distor- 
tion of the structure can occur without bringing the proper 
stresses into action, and the applied loads should preferably be 
concentrated at the joints (Part I, Art. 23). A simple truss is 
one supported at the two ends, and these alone will be con- 
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sidered in this volume, as they constitute the great majority of 
"• bridge structures and are sufficient to fully illustrate almost all 
the principles governing details. 

The king-post truss shown at a in Fig. I may be supposed 
to be the origin of all modern bridge trusses. Prior to 1800, 






Fig. I. 
however, the principal line of development was that indicated 
by the diagrams b and c. On this plan many wooden bridges 
were erected during the seventeenth and eighteenth centuries. 
There were two chords, usually with a high camber, connected 
by vertical timbers acting as ties to support the floor which 
was placed along the lower chord. From the top of each 
vertical an inclined brace was carried to the nearest abutment 
and the tops of the corresponding pairs connected by a strain- 
ing beam. True truss action as we now understand it scarcely 
existed, the main idea being to carry each load to the abut- 
ment by the shortest route. This was a simple plan, but it 
proved uneconomical on account of the long braces whose 
stresses increase both with their length and the angle of in- 
clination to the vertical. On this plan was built in 1760 by 
Grubenmann a timber bridge near Baden, which had the 
great span of 366 feet, and which exhibited much skill in 
carpentry. 

The secret of economical and efficient truss arrangement lies 
in the panel system, which may be regarded as having been 
developed from the king-post truss in the manner shown in 
Fig. 2, where d is derived from a by the addition of a panel on 
each side, and e from d in like manner. This system was first 
used by Palladio, an Italian architect, about 1570, but it pro- 
duced little or no influence on methods of construction, until it 
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was rediscovered and used in the United States near the close of 
the eighteenth century by Theodore Burr. The Burr truss 
may indeed be called the parent of nearly all the forms of 
bridge trusses now used in this country. Although so defective 






F16. 2. 
from the lack of counterbraces that it generally required the 
assistance of an arch to stiffen it under rolling loads, yet as it 
contained the sound principle of economy in a constant angle 
for the inclined members its panel system was transmitted to 
the Long truss, the Howe truss, and later to many other forms 
(Part i, Art. 25). 

Concerning early timber bridges, as also for other valuable 
historical and descriptive matter, the student should consult 
the article Bridge in the Encyclopaedia Britannica, the arti- 
cle Bridges in JOHNSON'S Universal Cyclopaedia, 1893, and 
Cooper's American Railroad Bridges, 1890. 

Art. 2. Progress from i8co to 1850. 

Near the beginning of the present century many wooden 
bridges were erected in the eastern and middle states by 

Theodore Burr and by Timothy Palmer, both of whom 

used the panel system. Palmer's bridges generally combined 
the action of the truss and the arch in one structure, the lower 
chord being highly cambered, while BURR used the arch merely 
as auxiliary to the truss. The oldest bridge now standing in 
the United States is that built by BURR at Waterford, N. Y., 
in 1804, which is of hewn yellow pine, having four spans of 
154, 161, 176, and 180 feet in the clear. The next oldest is 
that built by PALMER at Easton, Pa., in 1805, which has three 
spans of 195 feet between centers of piers. Illustrations of 
both of these bridges are given in Cooper's American Railroad 
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Bridges. Wernwag's great bridge of 340 feet span, built at 
Philadelphia in 1812, also deserves notice as a splendid ex- 
ample of early engineering work ; the double diagonal bracing 
in its panels showing that probably its builder had considered 
the distorting action of rolling loads. 

' The lattice truss introduced by Town about 1820 consisted 
of planks pinned together, and was important only on account 
of ease of construction. In 1830, however, a radical advance 
was made in the true principles of truss arrangement through 
the .introduction of panel counterbraces by S. H. LoNG. In 
a pamphlet published by him in 1836 the function of counter- 
braces in preventing the distortion of the panels under rolling 
loads, and also their use in stiffening the truss when keyed up 
so as to be under initial stress, is clearly recognized. Wooden 
Long trusses were erected on the Baltimore and Ohio Railroad 
as well as many for highway service. 

In 1840 William Howe patented a combination truss 
having wooden chords and web diagonals and wrought-iron 
vertical ties> which has since been extensively used. Each 
panel had counter as well as main struts, both butting against 
cast-iron angle blocks. Many important bridges were built on 
this plan prior to 1850, the most notable being that over the 
Susquehanna at Havre de Grace, Md., which had thirteen 
spans of 250 feet each, and a draw span of shorter length. 
The Howe truss is still in common use in localities where 
timber is cheap, and for short spans and light traffic it often 
makes an efficient and economical bridge. 

In 1844 the Pratt truss was introduced. In this a radical 
departure was made in the arrangement of the web members, 
the timber verticals being made to take compression, and the 
iron diagonals to take tension. This was a move in the 
direction of economy, since the length of the struts was de- 
creased and thus the necessary cross-section somewhat dimin- 
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ished. Although at first built as a combination bridge, it 
never attained great popularity in this form, but soon after 
1850 it began to be constructed entirely in iron, and in this 
form it has probably been more extensively used than any 
other form of truss. 

But few iron structures were built in the United States 
prior to 1 850, the first one being a span of TJ feet erected in 
1840 over the Erie Canal, which was formed of cast-iron 
girders strengthened by wrought-iron rods. About the same 
time Whipple built a truss with a curved upper chord of cast 
iron and a straight lower chord of wrought iron, forming the 
bowstring truss. A Howe truss in iron was introduced in 
i8'44, «^"^ the Rider iron truss with a multiple web system was 
first built about 1847, ^^^ neither came into general use, and 
some that were built failed. 

The first rational discussion of the determination of stresses 
and proportioning of cross-sections of truss members was pub- 
lished in 1847 at Utica, N. Y., by SQUIRE Whipple under 
the title A Work on Bridge Building, in which are given 
methods of computing stresses due to dead and live loads, 
investigations as to the angle of economy for web bracing, 
with plans and details of the bowstring truss and of the 
double-system Pratt truss, since known as the Whipple truss. 
Whipple was far in advance of his time in rational views of 
economic truss design, but the circulation of his book was 
small, so that its influence was not fully exerted until several 
years after publication. He also built over twenty bridges 
on his plans which gave good service for many years. Squike 
Whipple is justly regarded as the father of American rational 
bridge design. Drawings of bridges built between 1840 and 
1850 may be seen in Duggan*s Stone, Iron, and Wood 
Bridges of United States Railroads, 1850; and also in Haupt's 
General Theory of Bridge Construction, 1851. 
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Art. 3. Truss Development since 1850. 

The modern bridge truss is the result of an evolution or 
development in the sense that it exhibits those features which 
experience has found to be most economical and stable. 
Forms costly or unsafe have disappeared, while those cheap 
and strong have remained in tise. Thus, the panel system has 
survived, while the method of transferring loads directly to the 
abutments by long braces, as seen in Fig. i, has gone out of 
use. The Bollman truss, introduced soon after 1850, was an 
instance of the application of that erroneous principle, hut it 
could not be built for spans greater than 160 feet, and even for 
shorter spans it was unable to compete in economy and sta- 
bility with trusses of the panel system. The Fink truss (Part 
I, Art. 53) is another example of the use of that principle, and 
it too has disappeared. 

The Whipple truss (Fig. 3) is an instructive instance of a 
form which was extensively built from 1850 to 1885, even for 




Fig. 3. 

the longest spans, but which now is going out of use. This 
has all the advantages of the Pratt type as regards the use of 
vertical compression members in the web, and also by the 
double system of webbing the panel points are brought nearer 
together, thus decreasing the length of the stringers, which for 
long spans is a matter of importance. Stringers longer than 
25 feet make an expensive floor, and this limits the economic 
depth of the Pratt truss to about 30 feet and the span to about 
300 feet, since it is not advisable to make the depth less than 
one tenth of the span. With the Whipple truss, however, 
using the same angle for the bracing, the depth of the truss 
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can be doubled and the span thus be economically increased. 
Many long bridges have been erected on this plan, among 
which may be mentioned the 515-feet span of the Ohio River 
bridge at Cincinnati, completed in 1877, and which at that date 
was the longest truss span ever erected. The Whipple truss 
began to go out of use merely because it was found to be 
more economical to support the floor beams by short sub- 
verticals attached to a single system of bracing than by the 
use of a double system, and because the single system is always 
more reliable and determinate in respect to stresses. The 
Post truss (Part I, Art. 55) is another example of a form once 
popular and now no longer in use. 

The Warren or triangular truss was built with both single 
and double systems of webbing, but with a single system it 
afforded opportunity for the support of intermediate floor 
beams in a panel by the use of independent vertical members. 
In 1869 the channel span of 390 feet over the Ohio at Louis- 
ville was built on this plan, and in 1885 the 525-feet span at 
Henderson. This plan has been found advantageous because 
simplicity of truss action is secured, the only apparent disad- 
vantage being the use of long inclined compression members 
in the webbing ; in accordance with the law of evolution the 
former of these tends to be perpetuated and the latter to dis- 
appear. 

At the present time the Pratt truss is most generally used 
for short spans. The Baltimore truss (Fig. 4) is used for both 





Fia'4. Fio- 5. 

short and long spans; it possesses all the advantages of the 
Pratt, and in addition that of supporting intermediate floor 
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beams by the use of sub-verticals. The modified bowstring 
truss, shown in Fig. 5, uses the same idea, and here are gained 
the important advantages that the stresses in the chords are 
rendered closely uniform, as also those in the webbing. These 
elements combined have rendered this form applicable to the 
longest simple trusses, the longest of all being in the great spans 
of 550 feet built over the Ohio at Cincinnati in 1888 and at 
Louisville in 1893. 

To recapitulate, the principles which should control the 
arrangement of a simple truss are the following: first, the 
panel system whereby the inclined members in the webbing 
are kept at approximately the same angle ; second, the use of 
counterbraces to prevent distortion under a rolling load ; third, 
that compression members should be made as short as pos- 
sible ; fourth, that a single system of webbing is always prefer- 
able, and that intermediate floor beams may be supported 
when necessary by the use of independent verticals ; and fifth, 
that the form of the truss should be such that the stresses in 
members of the same kind may be approximately equal. 

In addition to the references at the close of Arts, i and 2 
the following may be noted as treating of the development of 
trusses : Bridge Superstructure, a committee report in Trans- 
actions American Society of Civil Engineers, 1878, Vol. 
VII, pp. 339-368; The Annual Address by JOSEPH M. WIL- 
SON, President of the Engineers' Club of Philadelphia, in the 
Proceedings of that Club for 1889, Vol. VII, pp. 65-104; The 
Evolution of the Modern Bridge by Charles D. Jameson 
in Popular Science Monthly, Feb. 1890, pp. 461-481 ; and The 
Evolution of Bridge Trusses by Mansfield Merriman in 
The Railway Age for May 19, 1893, Vol. XVIII, pp. 391-393. 
Bridge development with respect to other ideas than mere ar- 
rangement of truss members embraces the subjects of canti- 
lever, continuous, suspension, and arched structures, which are 
reserved for discussion in Part IV. 
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Art. 4. Materials used in Bridges. 

Prior to 1840 wood was the material used in this country 
for bridge construction. Great skill in carpentry was devel- 
oped to devise the joints, mortises, keys, and other connec- 
tions, although little was known regarding the strength of the 
timber or the rational principles of designing the proportions 
of the parts. The Howe truss combined the use of wood and 
iron in a most simple and successful manner, wrought-iron 
adjustable tie rods being used for the vertical members of 
the web, while the wooden diagonals butted against cast-iron 
angle blocks. In the original Pratt truss cast-iron joint con- 
nections were also employed, through which the wrought-iron 
diagonal ties passed. The first bridges wholly in iron had the 
compression members of cast iron and the tension members 
of wrought iron, this being, as Whipple advocated, the best 
theoretic combination, since cast iron is high in compressive 
and low in tensile strength. Wrought iron, moreover, was 
high in price, and could then scarcely be obtained except in 
the form of simple rods. 

Bridges of cast and wrought iron were built extensively 
until about 1870 and many of short span since that year, but 
the numerous failures of the cast-iron parts led to the gradual 
substitution of wrought iron. Probably the first bridge in 
which both compression and tension members were made of 
wrought iron was that erected on the Lehigh Valley Railroad 
at Mauch Chunk in 1863, but in this cast-iron joint connections 
were used. Gradually but surely wrought iron displaced cast 
iron, both for truss members and for joint details, so that by 
the centennial year 1876 cast iron was regarded as a material 
wholly inappropriate for use in bridge structures for railroad 
purposes, and the period of wrought-iron bridge development 
was at its height. But about this time steel began to be 
introduced. 
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The first extensive application of §teel was in 1873 in the 
arches of the great St. Louis bridge, and later it was used in 
the trusses of the Brooklyn suspension bridge. In ordinary 
trusses it was at first ennployed in the form of eyebars for ten- 
sion members, and then for the webs of floor beams. But im- 
provements in the methods of manufacture soon followed, so 
that now angles, beams, channels, and other shapes of medium 
or mild steel are easily obtainable in the market at the same 
price as those of wrought iron. This steel closely resembles 
wrought iron, but its strength is about ten or fifteen per cent 
higher, and hence it is now used in bridge construction as fre- 
quently as wrought iron. The word steel is somewhat indefi- 
nite, on account of the many varieties which are produced for 
different purposes, but the properties of the structural steel re- 
quired for bridges will be found set forth in the specifications 
given in later chapters. 

The average life of iron railroad bridges is probably nQt far 
from twenty years, although under heavy traffic many are 
replaced after fewer years of service. They are liable to rust 
and corrosion from atmospheric influences and from the gases 
from the locomotives, while rivets and other connections are 
worn and loosened under the freque*ntly repeated stresses and 
shocks. Bridges built twenty years ago are now generally 
unable to carry the heavier rolling stock with a proper margin 
of security. Henpe an iron structure with respect to durabil- 
ity cannot compete with stone, and accordingly many roads 
are replacing short spans by arches of stone. The cheapness 
of iron and steel, however, generally renders metallic structures 
more economical in spite of their shorter life, and of course for 
long spans no other materials are available. 

Some interesting notes by SQUIRE Whipple on early iron 
bridges will be found in The Railroad Gazette, April 19, 1889. 
A historical paper on steel manufacture in America by W. F. 
DURFEE is given in The Popular Science Monthly, Oct. 1891, 
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pp. 729-749. See also Cooper's American Railroad Bridges^ 
originally published in Transactions American Society of Civil 
Engineers for 1889, Vol. XXI, pp. 1-28. 

Art. 5. Joint Connections. 

The members of the early wooden bridges, such as the Burr 
truss and the Long truss, were connected together by means of 
joints devised especially for timber structures. The fish and 
scarf joints employed in the chords are still used in the Howe 
truss and in other wooden constructions, but most of the 
special devices of shoulders, mortises, and keys now exist only 
in a few isolated examples. 

The combination trusses which next followed, like the 

Howe and Pratt, employed the method of screw connections 

to join the webbing to the chords. In the Howe truss the 

several pieces of the chofds were bolted together laterally, 

and connected longitudinally by fish joints so as to form one 

continuous member, but the web struts butted against angle 

blocks and were held in place by screwing up the vertical iron 

tie rods. The Pratt truss in its early forms had wooden chords 

upon which was placed at each panel point a cast iron joint 

block, and through this passed the diagonal iron ties which 

terminated in screws and nuts by which the whole was held in 

place. This method was also extensively used in the Pratt 

trusses built of cast and wrought iron, and many special forms 

of screw connections were devised and employed. In general, 

however, most of these screw joints have gone out of use, on 

account of the greater cheapness and reliability of the methods 

of riveted and pin connections. 

The riveted system of connections is the prevailing method 
of construction in Europe, but in this country it is mostly lim- 
ited to plate girders and to lattice trusses less than 200 feet in 
span. In this system the chords are formed of angles, or chan- 
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nels, and plates, riveted together, with sphce joints so as to 
make them practically continuous from end to end ; and the 
web members are connected to the chords by rivets, either 
directly or by means of special plates riveted to both. The 
first riveted bridges in this country were erected on the New 
York Central Railroad about i860, and the system has proved 
very serviceable there and elsewhere. 

The pin system of connections is the one which has been 
most used and which has generally been regarded with the 
most favor by American engineers. At each panel point a pin, 
or round bar, passes through holes in the chord or web mem- 
bers and serves to transfer the longitudinal stresses from one 
member to another by means of the sheafing and bending 
stresses generated in it. Some of the early bridges built by 
Whipple had pins which passed through looped eyes in the 
tension members, but the first bridge which was pin-connected 
throughout was erected by J. W. MuRPHY in 1859 o" ^^^^ 
Lehigh Valley Railroad at Phillipsburg, N. J. Wide forged 
eyebars in connection with pins were first used in 1861 by 
J. H. LiNVlLLE on the Pennsylvania Railroad. The system 
then rapidly spread on account of ease of erection, and thou- 
sands of pin-connected bridges are now in service. 

Much might be said in comparison of the riveted and pin 
systems. Advocates of the former claim that it makes a stiflfer 
structure and one less liable to accident from the failure of a 
single member. Advocates of the latter say that the stresses 
in the pin system are more determinate and that better work- 
manship is secured. But under present conditions the question 
of economy seems the controlling factor. A long span cannot 
be built as cheaply by the riveted system as by the other, and 
a short or medium span can sometimes be built more cheaply. 
Under proper specifications a good bridge can be designed and 
erected on either plan, and the item of cost will usually deter- 
mine the decision. The riveted system generally requires a 
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little more material than the pin system, and the latter requires 
more skilled workmanship. High prices for iron and labor 
were favorable to the development of the pin system, and as 
these become lower the riveted system comes more and more 
into use. 

The literature noted in the preceding articles contains 
much information regarding the various methods of joint con- 
nections. Further reference is made to the works named in the 
following pages, and also to a series of articles on Expired 
Bridge Patents by F. B. BROCK, in Engineering News during 
1882 and 1883. 

Art 6. Literature of Bridge Design. 

The computation of stresses in the principal members of a 
bridge truss is the least part of the work of design, and hence 
books treating mainly on stresses are not noted in the follow- 
ing list. Bridge design includes of course the economic prin- 
ciples regarding the form of the truss, some of which have been 
mentioned in Art. 3, but more specifically it is the science of 
•details, that is, the proportioning of the members, the floor, the 
joints, and of all the splices, reinforcing plates, rivets, pins, and 

other parts which make up the structure. The list of books 

• 

below includes such as treat wholly or in part of these topics, 
together with a few of historical and descriptive character. Al- 
though not complete, it is believed that it gives the works on 
Bridge Design most important for a college library and for the 
use of American students of bridge design. The list is arranged 
chronologically according to the date of the first editions. 

Pope, T. A Treatise on Bridge Architecture. New York, 
181 1. This contains 196 pages of descriptions of early bridges, 
while the remainder is devoted to the author's " patent flying 
pendant lever bridge.** 

Whipple, S. A Work on Bridge Building. Utica, N. Y., 
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1847, PP- 1 20 and 10 plates. The edition of 1869 contains also 
128 pages of notes (printed by the author's own hands) ex- 
planatory of the original work. See Art. 2. 

DUGGAN, G. Stone, Iron and Wood Bridges of United ' 
States Railroads. New York, 1850. Consists mostly of draw-^ 
ings, with brief descriptive notes. 

H AUPT, H. General Theory of Bridge Construction. New 
York, 1851, pp. 268 with 16 plates, giving examples of railroad 
bridges. 

VOSE, G. L. Handbook of Railroad Construction. Bos- 
ton, 1857, pp. 480. Contains 109 pages on wood, iron and stone 
bridges. 

H UMBER, W. Cast and Wrought Iron Bridge Construction. 
London, 1864, two volumes, with 80 plates, mostly descriptive 
of English bridges. 

Heinzerling, F. Die Brucken in Eisen. Leipzig, 1870^ 
pp. 515. A historical and descriptive work of bridge develop- 
ment in all countries. Also Die Brucken der Gegenwart. Leip- 
zig, 1884, pp. 754 with 60 plates. 

Merrill, W. E. Iron Truss Bridges for Railroads. New 
York, 1870, pp. 130. A comparison of seven kinds of trusses 
with respect to theoretic economy. 

, BOLLER, A. P. Construction of Iron Highway Bridges. 
New York, 1876, pp. 144. Although written for the use of 
town committees this book has been of much value to young 
engineering students. 

Du BoiS, A. J. Strains in Framed Structures. New York, 
1883, pp. 390 with 27 plates. This devotes 124 pages to de-' 
sign, and gives the complete design of a pin-connected bridge: 
The edition of 1890 has 209 pages on design and erection. 

Waddell, J. A. L. Designing of Ordinary Iron Highway- 
Bridges. New York, 1884, pp. 244 and 7 plates. A book which 
has done much to improve the design of highway structures. . 

Bender, C. Principles of Economy in the Design of Me- 
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tallic Bridges. New York, 1885, pp. 195 with 9 plates. This 
does not treat of details, but gives critical theoretic compari- 
sons of different forms of trusses. 

RiCKER, N. C. Construction of Trussed Roofs. New York^ 
1885, PP- 1 53* Mainly deals with stresses, but has two chap- 
ters on dimensioning and details. 

Burr, W. H. Stresses in Bridge and Roof Trusses. New 
York, 1886, pp. 454 with 12 plates. Devotes 112 pages to de- 
tails and to the design of a railway bridge. 

Schaffer, T., and Sonne, E. Der Bruckenbau (Vol. II of 
Handbuch der Ingenieur Wissenschaften). Leipzig, 1886-90^ 
pp. 1 81 2 with ^^ plates. 

HiROI, I. Plate Girder Construction. New York, i888^ 
pp. 94. Gives the design and estimate for a span of 50 feet. 

MORANDifeRE, R. Traits de la Construction des Fonts et 
Viaducs. Paris, 1888, pp. 1891 with 332 large plates. 

Cooper, T. American Railroad Bridges. New York, 1890, 
pp. 58 with 27 plates. A historical and descriptive work of 
special value. 

Johnson, Bryan and Turneaure. Modern Framed 

Structures. New York, 1893, pp. 517 with 37 plates. This 
gives 238 pages on details with designs of several bridge struc- 
tures. 

A number of monographs on large bridges have also been 
issued in book form which are of special value to advanced 
students and engineers. Among these are The Quincy Bridge 
by T. C. Clarke, 1869, The Kansas City Bridge by O. Cha- 
NUTE, 1870, The Omaha Bridge, The Cairo Bridge and 
others by G. S. MORISON, 1889-92, and The Thames River 
Bridge by A. P. BOLLER, 1891, and there are several others 
on suspension and arched bridges which will be mentioned 
in Part IV. 

The number of articles on bridge design published in tech- 
nical journals and transactions of engineering societies is so 
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large that the attempt to give a list of them will not here be 
made. The Transactions of the American Society of Civil En- 
gineers contains many papers both descriptive and critical. Of 
the latter class may be noted Specifications for the Strength 
of Iron Bridges by JOSEPH M. WiLSON in 1886, Vol. XV, pp. 
410-490, and Some Disputed Points in Railway Bridge De- 
signing by J. A. L. Waddell in 1892, Vol. XXVI, pp. 77-282. 
The discussions of engineers on these papers will be of 
especial value to students in familiarizing them with the lead- 
ing lines of thought on questions of economic construction. 

The volumes of Engineering News, The Railroad Gazette, 
The Engineering Record, and other technical periodicals con- 
tain numerous articles both theoretical and descriptive on bridge 
design, and some of these will be mentioned in the following 
chapters. The Descriptive Index of Current Engineering Lit- 
erature, published by the Association of Engineering Societies, 
gives many pages of titles of such articles, with brief notes of 
their contents, and this should be at the hand of every student 
who desires to become well informed on the progress of bridge 
development. But it cannot be too strongly urged upon the 
student to form the habit of making his own catalogue of arti- 
cles and of giving under each title his own synopsis of its con- 
tents and conclusions. By so doing he acquires a training in 
technical literary work which will be of the greatest value in 
promoting his professional advancement. 
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CHAPTER II. 
PRINCIPLES OF ECONOMIC DESIGN. 

Art. 7. Number of Piers and Spans. 

When a bridge is to be built across a river, one of the first 
considerations is that regarding the number of spans. This 
question is to be decided by the principle that the total cost of 
the substructure and superstructure shall be a minimum, and 
the local circumstances of each particular case must be carefully 
regarded in making the preliminary investigations. In any 
event there will be two land abutments, and if the distance 
between these be short no intermediate piers are advisable. 
Yet it is seen even here that if piers could be erected without 
any expense it would be best to use them. Thus the relative 
cost of piers and their connecting spans determines the num- 
ber of piers and spans which can be most economically built 
between the two abutments. 

An old rule for this case states that the cost of the super- 
structure must equal the cost of the substructure in order that 
the cost of the whole may be a minimum. The cost of piers is 
to be determined by careful surveys and estimates for various 
locations along the line, while the cost of spans of different 
length may be approximately ascertained by consulting 
builders. A comparison of the different possible arrangements 
determines the most economic plan which sometimes agrees 
well with this rule. 

The cost of ordinary bridges is closely proportional to their 
weights. If /be the length of span, the formula IV = al -{- br 



l8 PRINCIPLES OF ECONOMIC DESIGN. CHAP. II. 

gives a good approximation to the weight (Part I, Art. 45), a 
and b being constants for the same type of truss. In this al 
represents the weight of the track and floor system, while W 
represents the weight of the main trusses and lateral bracing. 
For example, the total weight of iron in pounds in a single- 
track railroad lattice bridge (not including cross-ties and rails) 
is about 200/ + 7^'> if ^ be the span in feet, while that of a pin- 
•connected bridge is 350/+ 5/'. 

If the cost of intermediate piers is about equal and they be 
spaced at equal distances apart, the following investigation 
will give the economic number of spans. Let / be the total 
-distance between end abutments, x the number of spans, and 
hence ;r — i the numfcer of piers, tn the cost of the two abut- 
ments, n the cost of each pier, and p the cost per pound of the 
bridge superstructure. The weight of the x spans, each of 

length — , is then x \a — |- b -^1, and the total cost of the work is 

I bP 

C=m+n{x- i)-\-p\^a/+ — 

"This will be a minimum when the first derivative of C with 
respect to x becomes zero, and this gives n = pb^ , which 

X 

shows that the cost of one of the intermediate piers should 
•equal the cost of the main and lateral trusses of one of the 






spans. Or, x = a / — — gives the economic number of spans. 

For example, if /= 1000 feet, a = 350 and b = s ^or pin- 
connected spans, and p = S cents per pound, then for n = 
$5000, the most economic number of spans is ;r = 7, and the 
total cost is $83 200, exclusive of abutments. Here the cost 
of the intermediate piers is $30000 and that of the seven 
spans is $53 200, which indicates that the old rule may some- 
i:imes be at fault. Again, if the cost of a pier be ;/ = $10000, 
the economic number of spans is ;ir = 5, which gives $40000 
.for the piers and $87 500 for the superstructure. 
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Art. 8. Choice of Kind of Bridge. 

Whether the bridge span is to be deck or through will be 
determined in each case by the local conditions, among which 
the grades of the approaches are controlling factors. A deck 
span is usually cheaper than a through one, since the width of 
the bridge may be less and something is also saved on abut- 
ments and piers, and should hence be chosen if the approaches 
allow it and proper waterway can be secured beneath it. 

The width of the bridge between trusses is determined by 
the amount of traffic. For a single track railroad this width 
for a through bridge is taken as 14 or 15 feet in the clear, 
while for a deck bridge 10 or 12 feet between centers of trusses 
is usually enough for short or medium spans. 

The cost of the bridge is a material factor in determining 
the kind which is to be erected, and the problem of selection is 
hence a very complicated one. For railroads experience has 
led to the conclusion that at present the best results both as 
to stability and economy are obtained by using solid rolled 
beams for short spans up to 15 or 20 feet, plate girders for 
spans from 15 to 90 feet, riveted lattice trusses for spans from 
50 to 150 feet, and pin-connected trusses for spans over 100 
feet. It will be observed that these figures overlap each other, 
indicating that there is no distinct line of demarcation between 
the lengths of spans of the different classes. 

The particular kind of truss is not usually stated in the 
specifications, this being left to the bidders who often may 
present plans which differ materially in general appearance. 
If all these plans conform to the specifications the contract is 
awarded to the lowest responsible bidder. The choice of the 
kind of truss is hence Usually made by the sellers rather than 
by the buyers of bridges, but it may be that the estimate of 
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the lowest bidder is sometimes influenced by the form of truss 
adopted. 

The discussion in Art. 3 gives only the general economic 
conditions which determine the form of truss. The depth of 
the truss is to be selected so as not only to secure proper head- 
way and afford opportunity for cross bracing, but also so as to 
give the least amount of material ; this question of economic 
depth is investigated in Art. 10. ,The number of panels should 
be odd rather than even for best economy, and should be such 
that the panel lengths, or distances between floor beams, may 
range from 12 to 24 feet. Probably the best panel length, as 
far as the floor system is concerned, is that which renders the 
weight of a floor beam about equal to that of the stringers in 
one panel. 

^Esthetic considerations should not be overlooked in choos- 
ing the kind of bridge, and the old maxim that strength, beauty, 
and economy go together contains some truth. The parabola 
is a line of beauty, and trusses with parabolic chords are among 
those which now seem to be leading to the highest degree of 
economy. 

Art. 9. Theoretic Comparisons of Trusses. 

Approximate economic comparisons of trusses of different 
forms may be made by comparing the theoretic amounts of 
material, the material in any member being taken as propor- 
tional to the product of its maximum stress by its length. In- 
vestigations of this kind were first made by WHIPPLE in 1847, 
and have since proved of much value especially in studying 
the question of economic proportions. The following is a 
simple example illustrating the method. 

Let a Pratt truss and a triangular lattice truss, each having 
nine panels on the lower chord, have the same span and depth. 
Figs. 6 and 7 show one half of each truss. Let the dead load 
per panel point be w, and the live load be three times as large. 
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or 3«/. Let the depth of each truss be //, and the panel 

length be /; then the tangent and secant of the angle 

p 
which a diagonal makes with the vertical are tan ^ = -7 and 
h 

sec ^ = . ^ . By the methods of Part I the maximum 

stresses in each member for the given loads are computed, and 

V, Uj U4 Us ^ 6^^ 6? d/^ Us 




A 




Lm Lj L4 Li ** Li Z, Lj 

Fig. 6. Fig. 7. 

recorded in the second and fourth columns of the table in 
terms of tan and sec B. Replacing tan B and sec by their 
values, and multiplying each stress by the length of the corre- 
sponding member, the products in the third and fifth columns 
are obtained, each of which is proportional to amount of 
material if the working unit stresses be the same throughout. 
As the object is to compare the material for one half of each 
truss the stresses for L^ and U^ are multiplied by \p instead 
of/. The sums of these products, given at the foot of the 
table, thus approximately represent the relative amounts of 
material in the two trusses, neglecting joint connections, lateral 
bracing and floor system, which may be supposed to be the 
same for both. 

These sums show that the lattice truss is theoretically 
the more economical in respect to material. For a particular 
example let the span be 162 feet or/ = 18 feet. Then these 
sums give the following comparisons for different depths of 
truss : 

i* = 18 feet. 

Pratt 6432^^ 

Lattice (xyo^w 

Per cent difference 5.5 



^ = 24 feet. 


^ = 30 feet. 


^ = 36 feet 


55637^ 


52070/ 


SIOgz£; 


S132W 


468 2Z£/ 


4488ze; 


8.4 


II. 2 


13-6 
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It is seen that the Pratt truss requires from 5.5 to 13.6 
per cent more material than the lattice for the different depths 
considered in this particular case. These percentages, however, 
would be considerably reduced if the unit stresses were taken 
less for compression than for tensile members, and if the range 
of stresses were considered. The lattice truss has diagonal 
compression members also, whose working unit stresses should 
be less than for the shorter verticals of the Pratt truss. But to 
include all these elements in a theoretic comparison would lead 
to great complexity, and it is in fact only by making actual 
designs that results completely reliable can be obtained. But 
many useful conclusions can be derived from such investiga- 
tions, one of which will be given in the next article, and others 
may be seen in Bender's work quoted in Art. 6. 

Art. 10. Economic Depth. 

The economic depth of a girder or truss is that which 
renders its weight a minimum. Such a depth exists by virtue 
of the facts that the chord material decreases and the web 
material increases as the depth is increased. For a plate girder 
it is a rough general rule that the economic depth obtains when 
the weight of the flanges is equal to the weight of the web. 
To show this it must be borne in mind that the thickness of 
the web plate is practically constant for a girder of short span, 
being rarely greater than f nor less than f inch. The ma- 
terial in the web hence varies as of X A, and that in the flanges 
as 6 -7- A, where a and d are constants depending on the span 
loads and working unit stresses. The total material may then 
be represented by ^ X A + ^ -^ A» which is a minimum when 
the two terms are equal, that is when the flange weight equals 
the web weight, or, more strictly, when the cost of the flanges 
equals the cost of the web. This problem is more fully dis- 
cussed in connection with an actual design in Art. 47, and a 
formula for economic depth is given in Art. 125. 
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For a truss, however, the weight of the horizontal chords 
should be less than that of the webbing to give the greatest 
economy. For example, take the Pratt truss discussed in the 
last Article whose depth is h and panel length p. The total 
theoretic amount of material in one half the truss was found 
to be 70ZC/// + 2^^\wp^ -=- A, of which 'jiywh -[- AlV^P^ -5- /' is 
in the webbing including the two end struts, and 2^owp* -r- // 
in the chords. The theoretic economic depth h is found by 
differentiating the expression for the total amount of material 
and equating the derivative to zero, which gives // = 2.03^. 
For this depth, the web material reduces to 165. 50// and the 
chord material to ii8.2zt'/, the former being 40 per cent the 
greater. Practically, however, the economic depth should be 
considerably less than 2.03^, since the investigation does not 
include the increase of material due to strengthening the com- 
pression members of the web. 

A general theoretic discussion for any given type of truss 
may be undertaken by computing the stresses due to uniform 
panel loads in terms of the number of panels. Let /be the 
panel length, // the depth of the truss, and n the number of 
panels, which is taken as even. Let the truss be of the 
Whipple type (Fig. 3) and be loaded on the lower chord w^ith 
IV at each panel point. The stress in the inclined end strut 
is \{ji— \)zv sec 6^, and the product of stress by length is 

\{n — i) (a+t-)^'. Finding these products for each mem- 
ber, and adding, there results «(«'-- Ozy- ^^^ the chords and 

(«•— 2« + 16)— -f (//*— in + 4)^ for the webbing. The 

minimum of the sum of these is determined by the usual 
method, and the economic depth is found to be given by 

h /2(«'4- 3//"— io« +12) T, , . ., , , . 

- = A / ^ , 1 i — >,— ^- Taking the panel length as a 
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constant, the following comparison for different numbers of 
panels can now be made : 

For n-=6 » = 10 « = 14 ;/ = 18 

A-i-p = 2.14 2.90 3.40 3.81 

Span -=- depth = 2.8 3.4 4.1 4.7 

Web material 26.5 82.4 178.9 324.8«// 

Chord material 16.3 56.9 133-9 254.32^'^ 

Per cent difference . . 63 44 34 28 

Tliis discussion shows that the ratio of economic depth to 
panel length increases, while the ratio of depth to span de- 
creases, with the length of span. The amount of web material 
is greater than that of the chords, but the percentage of ex- 
cess in the former decreases as the span increases. These 
general conclusions are valuable, but the particular figures 
just given are materially modified in practice, since the actual 
economic depth is always found to be considerably less than 
the theoretical. 

Finally, it should be noted that great exactness in regard 
to economic depth is not important, since a function changes 
slowly in the vicinity of a maximum or minimum, so that con- 
siderable variations in depth may be made without much in- 
creasing the total quantity of material. For example, in the 
above Whipple truss of ten panels, the economic depth is 
A = 2.90/, and for this and several other depths the compara- 
tive quantities of material are : 

k-^p... 2.5 2.7 2.9 3.1 3.3 

Web material. 74.8 78.5 82.4 86.3 yo.^wp 

Chord material 66.0 61. i 56.9 53.2 50.0^;^ 

Total material 140.8 139.6 139.3 139.S 140.4^/ 

Per cent excess i.i 0.2 o.i 0.8 

which indicates that the depth may vary 10 per cent from the 
economic depth while the increase in the total quantity of 
material is less than one per cent. 
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Instructive discussions of the question of theoretic economy 
of material and cost may be found in Crehorb's Mechanics 
of the Girder, New York, 1886, as also in several of the works 
quoted in Art. 6. 

Art. II. Practical Considerations. 

The general conclusions of the preceding investigations 
have been confirmed by experience. It has been found that 
the depth of the Whipple truss should be about double the 
panel length for the best economy, and that the depth of the 
Pratt truss should be considerably greater, say i{- times, than 
the panel length. The depth of trusses has materially in- 
creased during the past twenty years, and probably the full 
economic development has not yet been attained. 

The engineer who draws the specifications is primarily 
responsible both for the strength and security as well as for 
the economy of the structure. For, if improper working 
stresses are prescribed, or proper rules for stability are omitted, 
the builders, under the influence of competition, will present 
plans of structures lacking in security ; or, if excessive and 
unusual requirements are made in the specifications, the plans 
presented will not be economical. At present there are so 
many specifications which may be called standard that it is 
not possible to go far astray in either of these directions, par- 
ticularly for railroad bridges. For many highway structures, 
however, the specifications are very loosely drawn, and every 
year there are erected some bridges which are defective either 
in stability or economy. As a general rule economy demands 
a bridge of proper stability, and the proper degree of stability 
will be secured by structures of the best economic design. 

The designer should, of course, strictly follow the specifi- 
cations, yet in details and dimensions he has great liberty of 
choice. He should be well acquainted with the market sizes 
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of materials and with the market prices. Variation from reg 
ular sizes always involves delay and extra cost. Uniformity 
of sizes is advantageous, since several things of one kind can 
be purchased or made more cheaply than if they are of differ- 
ent dimensions. Simplicity of connections should be studied 
not only with respect to strength, but also with regard to 
economy of manufacture. 

In riveted work excessive nicety in the spacing of rivets 
should be avoided. If possible the pitch should be in even 
inches, that is either 2, 3, 4, 5 or 6 inches, especially when the 
rows are long, as in columns and the flanges of plate girders. 
It will be more economical still if the pitches can be reduced 
to two, 3 inches and 6 inches, but this is not so easy to attain 
and still maintain the proper uniform strength throughout. 

In pin-connected work it will often be advantageous, par- 
ticularly for short spans, if the pins are of uniform sizes, except 
perhaps those at the ends. As the strength of a pin depends 

r 

more upon its resistance to transverse stresses than to shearing, 
it is often possible to insure that the prescribed unit-stresses 
shall not be exceeded by properly spacing the eyebars (Art. 
54). Columns and lateral bracing must be arranged with <lue 
regard both to economy of shop work and to ease of crectibh> 
Field riveting should be reduced to a minimum, since it is more 
expensive and less satisfactory in regard to strength than shop 
riveting. 
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CHAPTER III. 

TABLES AND STANDARDS. 

Art. 12. Manufacturers* Pocket Books. 

The student of bridge design will find it absolutely necessary 
to have at hand one of the pocket books issued by the manu- 
facturers of structural materials. There are several of these^ 
the best known being those popularly called the Trenton, the 
Phoenix, the Pencoyd and the Carnegie pocket books. Of 
these the last two are the most complete and best adapted 
for work in bridge design. The Pencoyd book is entitled 
Wrought Iron and Steel in Construction by A. & P. Roberts 
& Co., Philadelphia. The Carnegie book is The Pocket Com- 
panion, edited by C. L. Strobel, and issued by the Carnegie 
Steel & Iron Co., Limited, Pittsburg, Pa. The price of each 
of these is $2XX), but they can usually be obtained by college 
students in quantities at a lower figure. 

These pocket books contain full tables of all the market 
shapes of iron and steel manufactured by the respective firms, 
stating weights, areas of sections, moments of inertia, radii of 
gyration and other constants. There are also given tables for 
rivet spacing, standard bolts, bridge pins, and others on the 
strength of materials, particularly concerning those used in 
bridge construction. By the use of these tables the computa- 
tions necessary in bridge design are greatly shortened. 

In the following pages are presented a few tables which are 
not all found in one of these pocket books, together with ex- 
amples of their use. Carnegie*S Pocket Companion, edition 
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of 1893, will be generally referred to and used in the computa- 
tions of the designs in the four following chapters. 

0SB0RN*S Tables of Moments of Inertia for Column 
Sections and BUCHANAN'S Tables of Squares may be men- 
tioned as books frequently used by computers in bridge 
offices, and which will also be serviceable to students. 

Art. 13. Standard Loads for Bridges. 

The word standard, as here used, means those loads which 
are widely used by the best authorities as necessary in order to- 
design bridge structures which shall be sufficiently strong. 
Such loads, of course, are supposed to closely represent the 
maximum weights to which the structure is liable. 

For highway bridges the following loads, which were recom- 
mended by J. A. L. Waddell in 1884, have been very widely 
used, so that they approach nearer to a standard than any 

Span in Feet. City Bridges. Country Bridges. 

OtO 50 100 80 

50 to 1 50 90 80 

1 50 to 200 80 70 

200 to 300 70 60 

300 to 400 60 50 

others. The quantities given are in pounds per square foot of 
floor surface, and are supposed to represent the weight of a 
crowd of people. Of course the floor beams and stringers 
must be proportioned for the weight of the heaviest wagons 
that are liable to cross the structure. The recent introduction 
of electric railways renders it advisable that most highway 
bridges should be designed with such in view, and reference is 
made to Arts. 66 and 132 for the loads of electric-motor cars. 

For railroad bridges the " compromise standard system '' 
of live loads recommended by Waddell in 1893, after a dis- 
cussion of the subject by many engineers, may be here noted 
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as one which seems likely to be much used in the future. The 
typical consolidation locomotives are divided into seven classes, 
called T, U, V, etc., and the wheels in each class have the same 
spacing. Fig. 8 shows this spacing and the loads (or class T, 
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while the loads for the other classes are given in the table. 
The distance from the front pilot wheel to the beginning of 
the uniform load is in all cases 104 feet, and the loads are 



Qait. 


Load on Pilot 
Wheel. 


Load on each 
DriTing Wheel. 


Load on each 
Wheel of 
Tender. 


Total Weight 

of one 
. Locomotive 
and Tender. 


Uniform Load 

per Linear 

Foot. 


Z 
Y 
X 

w 

V 

u 

T 


15 000 

16000 

17 000 

18 000 
19000 
20000 
21 000 


25 000 
28 000 
31 000 
34000 
37 000 
40000 
4JOOO 


18000 
19000 

20 000 

21 000 

22 000 

23 000 

24 000 


187000 
204 000 
221 000 
238000 
255 000 
272000 
289 000 


3 000 
3 200 
3400 
3 600 

3 8go 

4 000 
4 200 



stated in pounds. Of course in designing a bridge the exact 
loads given in the specifications must be used, but it is hoped 
that engineers \vho write specifications will gradually abandon 
the awkward typical locomotives with wheels spaced apart at 
distances involving odd fractions of a foot, for surely this is 
straining at a precision unwarranted by actual conditions. 

There can scarcely be said to be any figures for wind press- 
ure and for impact allowances that can be called standard, and 
reference concerning them is made to the various specifications 
in later chapters of this book. 
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Art. 14. Rivet Proportions. 

The rivet proportions given in Fig. 9 are those adopted by 
the Pencoyd Bridge and Construction Company. For finished 
heads their diameter equals ij times the diameter of the shank 
plus ^ inch, and their depth equals 0.45 times their diameter ; 
while for countersunk heads the depth is one half of the 
•diameter of the* shank, and their bevel 60 degrees. 
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Fig. 9* 

The proximity of rivets to the edges and ends of the 
shapes united is usually limited by the specifications, and the 
clearance between the rivet head and any adjacent surface 
must allow room for the riveting tool. The clearance should 
be about f inch, but if necessary may be reduced. The mini- 
mum pitch of rivets is three diameters and the maximum is 
sixteen times the thinnest outside plate, but is not to exceed 
six inches except in special cases. Rivet tests show that the 
grip length should not exceed five diameters (see Engineering 
News, Dftc. 6, 1890, Vol. XXIV, p. 500) for machine-driven 
rivets. It is sometimes specified that the grip length of field 
rivets (hand driven) will not be allowed to exceed three 
diameters. 

The conventional signs to be used on drawings for diflfer- 
«nt kinds of rivets are explained in Art. 21. 



Art. 15. Rivet Spacing in Angles. 

The following table gives the Pencoyd standard rivet 
spacing in angles. When angles are used for flanges of plate 
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girders the rivet holes are put a little farther distant from the 
corner than when they are used for braces and stiffeners, since 
in the latter case it is desirable to have them as near the centre 
of gravity of the section as possible. Either a single or double 
row of rivets may be used as required by the stress to be trans- 
mitted. Fig. 10 shows the two cases, / representing the 
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length of the angle leg, a the distance from the corner to the 
pitch line of the single row of rivets, d the distance from the 
corner to the pitch line of the first row for double riveting^ 
and c the distance between the pitch lines of the two rows» 
The following table gives the ^^alues of a, by and c correspond- 
ing to different values of / for the angles commonly u.sed in 
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bridge structures, together with the proper diameters of the 
rivets. 

Art. 16. Pin Plates and Rivets. 

The diagram in Fig. 1 1 is constructed for the unit stresses 
and diameters of rivets there given. The diameters of the 
pins are laid off as abscissas, and the bearing values for the 
pins as ordinates, the linear bearing on the pins being marked 
on the lines radiating from the lower left-hand corner. The 
allowable stress for an 8-inch pin with a bearing of if inches is 
seen to be 180 ocx) pounds by following the ordinate for a 
<iiameter of 8 inches until it meets the radial line marked if 
inches, and reading off its value from the scale at the right. 

The number of f -inch rivets in single shear is laid off at the 
top of the diagram, so that by following down any ordinate 
until the diagonal line (separating the two systems of horizon- 
tal and vertical ruling) is reached, the allowable shearing stress 
of the corresponding number of rivets may be read ofif by tlie 
scale on tht right. Thus, the shearing value of 22 rivets is 
found to be 99000 pounds, . It may be added that the diagram 
as here printed is considerably reduced from the original size 
on which more precise readings could be made. Usually, how- 
^ver, it is not necessary to read closer than one thousand 
pounds. On the left side the number of f-inch rivets in bearing 
is laid off to such a scale that by following any horizontal line 
until it intersects a line radiating from the upper left-hand 
corner on which the thickness of plates, or the linear bearing 
of the rivets, is marked, the equivalent number of rivets in 
shear may be read off on the scale at the top. For instance, 
the bearing stress of 12 rivets in a f-inch plate is very nearly 
•equal to the stress of 14 rivets in single shear. 

By combining the two preceding operations the value of 
the bearing stress of 12 rivets in a J-inch plate may be ob- 
tained by following down from the point of intersection to 
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PIN-PLATE AND RIVET DIAGRAM. 

Unit stresses : — {-inch rivets: — 

Bearing of pin, 12 000 lbs. per square inch. Single shear, 4 510 lbs. 

Bearing of rivets, 12 000 lbs. per square inch. {-inch bearing, 3 940 lbs. 

Shear of rivets, 7 500 lbs. per square inch. A'i^^^^ bearing, 4 590 lbs. 



Number of {'Rivets in Sifi^f Shean 
24 68f0i2l4t6l8 20 22H 26 26 JO X J4 J6 39'40 42 44'46^ 



10 




Diometer, nf Pins in Inches. 

Fig. II. 
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the diagonal line, and then reading the stress on the scale at 
the right, the value being 63 000 pounds. Furthermore all of 
the preceding operations may be combined. For example, 
the bearing value of a 6-inch pin with a bearing of i^ inches 
equals the shearing value of 20 rivets or the bearing value of 
23 rivets in a f-inch plate. The upper radiating lines go beyond 
the diagonal in order to extend the limits of the diagram. 

To further illustrate the use of the diagram let the pin 
plates and rivets shown in Fig. 12 be investigated. Fig. 12 
shows the end of an upper chord copied from the plans of a 
through railway bridge constructed several years ago.* 

For the given unit stresses the bearing of a rivet in a flinch 
plate is less, and that in a -^-inch plate is greater than the 
value for single shear, therefore the number of rivets in the 
inside pin plate depends on their bearing, while the number of 
rivets in the three outside plates depends upon single shear. 
The stress transmitted to the f-inch plate from the 6|-inch 
pin is shown by the diagram to be 29 000 pounds and requires 
8 rivets in bearing. The elevation of the chord in Fig. 12 
shows 15 rivets passing through this pin plate. The outside 
^inch plate needs 9 rivets in single shear, while 1 1 are used. 
The rivets passing through the second outer pin plate must 
transmit the stress from both the i-inch plates. Following 
the ordinate at 6f inches to the line of i-inch bearing, then 
across to the diagonal, the number of rivets in shear is found 
to be 17, while the number inserted is 24. The bearing of the 
pin on the three outer plates requires 28 rivets in single shear 
to pass through the f-inch plate, while it is seen that 31 are 
employed. It is observed therefore that so far as the pin 
plates themselves are concerned they have a sufficient number 

of rivets. 

The next problem is to find what total stress can be trans- 
mitted by all the pin plates to the shapes composing the 
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chord. Four of the rivets in the upper angle and three in the 

Slower are in double shear, and the stress they can carry 

depends on their f-inch bearing in the inner pin plate and on 
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■single shear outside of the web. Eight additional rivets in the 
web are in double shear, and the stress they can transmit to 
the web depends on their -j^-inch bearing in the web. All 
the rest depend on single shear. On summing up the total 
:stress is obtained, as follows : 

Bearing stress of 7 rivets in f-inch plates 28 000 pounds 

Bearing stress of 8 rivets in -j^-inch plates.. . . 37 000 
Shearing stress of 23 rivets 104 000 



(< 



4» 



Total stress 169 000 pounds 

This amount exceeds 153 000 pounds, which is the bearing 
stress of the pin on the four pin plates. The above result was 
obtained on the supposition that it makes no difference how 
the stress received from the pin plates is distributed among the 
rshapes composing the chord. It is apparent that the design 
was made on this supposition. 

Now let the arrangement of the rivets be tested on the 
basis that the stresses should be distributed in proportion to 
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the areas of the shapes. The total stress of one half of the 
chord equals 153 000 plus the bearing of the pin on the web, 
making a total of 186 500 pounds, divided as follows: 

i cover plate 44 800 pounds 

I upper angle 19 600 " 

I web plate 73 400 " 

I lower angle 48 700 " 

186 500 pounds 

The stress in the half cover plate and the upper angle, amount- 
ing to 64400 pounds, requires 17 rivets in -f-inch bearing to 
transmit the stress into the angle, while only 6 were used. 
The five rivets in the bottom angle can only transmit 28 700 
pounds, which is 20000 pounds less than required. The num- 
ber used in the web is much in excess of the theoretic demand. 
This investigation shows that some of the pin plates should 
have been materially lengthened, the smaller pitch of the 
rivets in the angle being maintained for nearly double the dis- 
tance shown on the drawing. 

For an example in the design of pin plates and their rivets 
see Art. 58. 

Art. 17. Properties of Channei-s. 

The following table gives the dimensions, areas of cross- 
sections, and moments of inertia for some of the Pencoyd 
channels. In general these elements are stated only for the 
minimum sections rolled for each size, while in the last 
column are found the maximum sections that may be ob- 
tained. For example the first 8-inch channel whose prop- 
erties are given has an area of 4.25 square inches, but other 
sizes with greater thicknesses of web and widths of flanges 
may be obtained up to a maximum of 8.05 square inches. 
More complete tables of channels may be found in the 
Pencoyd and other hand books. 
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As an example of its use suppose that a post is to be 
formed of two 9.inch channels of the first kind given, the 

flanges being turned inward (as 
seen on Plate IV). It is re- 
quired to find the distance from 
back to back of channels in order 
that the moments of inertia 
about the two rectangular axes 
through the centre of the section may be equal, thus render- 
ing the column of equal strength against lateral flexure in 
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Size of 

Chan* 

nel. 

A 


Width 

of 
Flange. 


Thick- 
ness of 
Web. 


Area of 
Sec- 
tion. 


Axis pormal to 
Web. 


Axis 


parallel 


to Web. 


Areas of 
Maximum 

Sections 
obtainable. 


Mo- 
ment of 
Inertia. 


Radius 
of Gy- 
ration. 


Mo- 
mem of 
Inertia. 


Radius 
of Gy- 
ration. 


Distance 

from Base 

to Axis. 


15 


4.125 


0.75 


16.21 


457.03 


5.32 


18.39 


1.07 


0.84 


16.21 


15 


3-875 


0.375 


1044 


351-56 


5.79 


13.08 


1. 12 


1. 00 


16.21 


15 


4 cx> 


0.625 


14.86 


451.51 


5.51 


19.05 


1. 13 


0.95 


20.45 


12 


2-937 


0.406 


8.83 


182.71 


4.55 


7-42 


0.92 


0.71 


16.00 


12 


2.609 


0.281 


5.94 


123.71 


4.56 


3.22 


0.74 


0.62 


10.15 


10 


2.594 


0.281 


5.99 


92.08 


3.92 


4.29 


0.84 


0.75 


10.60 


10 


2.375 


0.25 


4.89 


73.91 


3.89 


2.33 


0.69 


0.64 


865 


9 


2.437 


0.312 


540 


64.34 


3-45 


2.47 


0.68 


0.67 


9.20 


9 


2.141 


0.234 


3.72 


43-65 


3-43 


1. 31 


0.59 


0.55 


6.10 


8 


2.281 


0.281 


4.25 


40.00 


3.06 


2.17 


0.71 


60 


8.05 


8 


2 000 


0.203 


2 96 


28.23 


3-09 


1.06 


0.60 


0.50 


540 


7 


2.297 


0.297 


4.10 


29- 51 


2.68 


1.71 


0.65 


C.65 


7.30 


7 


1.969 


187 


2.64 


18.46 


2.64 


0.90 


0.58 


04S 


4.90 


6 


2 25 


0.25 


3 29 


18.37 


2.36 


1.46 


0.67 


0.66 


544 


6 


1.75 


0.217 


2.27 


.11.67 


2.27 


0.59 


0.51 


0.46 


396 


5 


2.00 


0.25 


2.73 


10.29 


1.93 


0.86 


0.56 


0.61 


4.60 


5 


1.625 


0.218 


1.88 


6.67 


1.88 


0.37 


0.45 


0.42 


3.29 


4 


1. 719 


0.25 


2.15 


5.16 


1.55 


0.54 


0.50 


0.53 


3.15 


4 


1.562 


0.218 


1.75 


4.14 


i.54 


0.41 


0.48 


0.45 


2.37 


3 


1.531 


0.218 


1.52 


2.03 


1. 16 


0.32 


46 


0.51 


1.89 
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1.375 


0.25 


1. 13 


0.80 


0.85 


0.21 


0.43 


0.46 


1. 13 



Art. 1 8. eyebars. 39 

these two directions. Let x be this distance, then by the 
application of the principles of moment of inertia (see Text- 
book on Mechanics of Materials, Arts. 23 and 51) there results 
equation 

2 X 64.34 = 2 [2.47 + S.40(i;ir — 0.67)*] 

whose solution gives ;r = 8J inches. If, however, the flanges 
are turned outward the distance between the backs for equal 
moments of inertia will be found to be 5^ inches nearly. 

As a second example of the use of the table let a chord 
section be composed of two heavy 9-inch channels placed 
back to back 6 inches apart with a plate \ inch thick and 
12 inches wide riveted upon the top (see Plate XII for a 
similar case). The total section is then 2 X 5.40 + 12 X i = 
16.80 square inches. The distance c of the centre of gravity 
from the lower side of the channel flanges is found by 
16.80^ = 10.80 + 6(9 + J) or ^ = 6.20 inches. The moment 
of inertia about a horizontal axis through this centre of 
gravity is 2(64.34 + 5.40 X 0.20') + tV X 6 X (i)' + 6 X 3-OS" 
= 185.09. The moment of inertia about a vertical axis through 
the centre of gravity is 2(2.47 + 5-40 X 3-67') + Vs X i X 6' 
= 159.42, and hence the column tends to bend perpendicular 
to this axis, or sidewise. The square of the least radius of 
gyration is r' = 152.42 -5- 16.80 = 9.07 square inches. 

Art. 18. Eyebars. 

The proportions of eyebar heads have been determined 
mostly by experiment and experience, the theoretical discus- 
sions being quite difficult and uncertain on account of the 
complex stresses. In the following table are given the propor- 
tions adopted by the Pencoyd Bridge and Construction Com- 
pany as their standards for steel eyebars, which are hydraulic 
forged. The dimensions adopted are such that all parts of the 
bar will be very closely of the same strength when tested to 



40 



TABLES AND STANDARDS. 



Chap. III. 



destruction. The maximum sizes of pin holes given in the 
table allow an excess in sectional area of the head on the line 
SS (in Fig. 14) over that of the body of the bar of 33 per cent 
for diameters of pins not larger than the width of the bar, and 
36 per cent for pins of larger diameter. In these bars the 
thickness of the eye is the same as that of the body of the bar. 

When bars are thicker than the dimensions given, i^ inches 

m 

extra should be added to the additional length L for each 
eye, but the thickness should not exceed if inches for the 
7- and 8-inch bars, and one inch for the others. 
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Thfckn 
of Bar. 
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Diameter 
of Head. 



7" 
8 

9i 
loi 

13 

I3i 
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16 

17 
18 

17 
18 
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Diameter 

of 
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Pin Hole. 



3j 
4t 

4i* 
5H 

5i 
6tV 

7i 
8i 
6| 
71 

7j 



Additional Length 

of Bar beyond 

Centre required to 

form one Head. 
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15 

I7i 
18 

I9i 
23i 

23 
26i 

26f 

3oi 
36I 

26| 

30 

33f 
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The floxofal-stMess in an eyebar due to its own weight, 
though often considerable, is less than that in a beam simply 
supported, since the tension reduces the bending moment. If 
A be the actual deflection of the bar when under a tension Py 
and W be its total weight and / its length, the bending moment 
at the middle is A/"= J^WV— P^. Now let / be the thickness 
and h the width of the bar, 5 the maximum horizontal tensile 
unit stress due to flexure, and E the coefficient of elasticity of 
the material. Inserting the values of M and J (from Arts. 21 
and 37, Mechanics of Materials), the expression for this 
flexural unit stress is found to be 

T^WEhl 

P 
and the total maximum unit stress then is -7- + -S. 

For example, let a steel eyebar be 18 feet or 216 inches 
long, I inch thick, 8 inches wide, and be under a tension of 
80000 pounds, E being 29000000 pounds per square inch. 
The weight of the bar is 8 X 10 X 6 X 1.02 = 490 pounds. 
Then all quantities inserted in the formula give 5 = 944 pounds 
per square inch, and the total maximum unit stress is 10 944 
pounds per square inch. In designing very long eyebars the 
effect of the flexural stress due to their own weight cannot be 
neglected. 

Art. 19. Standard Bridge Floor, Pa. R.R. 

The track consists of the rails, cross-ties, spikes, guard- 
rails, bolts, washers and splices. Its weight, as a part of the 
dead load of a bridge, is determined in accordance with the 
specifications adopted in each case. Some specifications give 
the aggregate weight of a single track to be taken as 400 or 
450 pounds per linear foot, while others allow 60 pounds per 
linear foot for the weight of rails, spikes and joints, or 100 
pounds per linear foot for the weight of rails, iron guard-rails. 
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spikes and joints, the weight of the remaining parts being 
computed. Sometimes the sizes of the cross-ties are given for 
difiFerent spacings of the stringers, while in other cases the 
cross-ties are to be designed for given unit stresses in the outer 
fiber. 

The standard specification of the Pennsylvania Railroad 
for wrought-iron bridges directs that a uniform load of 165 
pounds per linear foot of track is to be assumed to cover the 
weight of rails, guard-rails, splices, bolts, etc., the weight of 
the cross-ties being computed separately. It also contains the 
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Fig. 15. 
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Length of 

Girder 
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Feet. 
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25 
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40 

45 

50 

55 
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70 

75 

80 

90 

too 



Feet. 

23 
28 

33 

38 

44 

49 

54.5 

59-5 

64.67 

70 

75 
80 

86 

96 
106 



Railroad Spikes 
required. 



Number. 

68 

80 

92 
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116 

132 

144 
156 
168 
180 
192 
204 
220 

244 
268 



Cron-ties 
required. 



Number. 

17 
20 

23 
26 

29 
33 
36 

39 
42 

45 
48 
51 

55 

6r 
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Guard-rail. 
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55 

^5 

75 

88 
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no 
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Cross-ties and 
Guard-rails. 



Feet B.M 
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2 O99 
2 303 
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Fig. 16. 
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36 
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35 


36 
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All weights in this ubie are expressed in pounds. 

following references to details which are shown in Figs. 15 
and 16: 

"Cross-ties to be of white oak, having a width of ten inches and a 
mtnimum depth of seven inches, and spaced not over twenty inches 
apart between centers, with every fourth tie bolted down by three- 
quarter-inch bolts having round flat heads, and two hexagon nuts each 
at upper end. When track is curved the outer rail to be elevated as 
may be required. In the case of deck bridges with wooden floor beams, 
when the distance between centers of supports exceeds six feet, the floor 
sbeams (ties) are to be made proportionately heavier. 

" Guard-rails of long-leaved southern pine or white pine, five by eight 
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inches, are to be placed ten inches in the clear outside of each track- 
rail ; to be notched one and one half inches over the cross-ties, secured 
to every fourth tie by a three-quarter-inch bolt having flat round head, 
two hexagon nuts at upper end and flat wrought washer, and to all 
other ties by three-quarter-inch square wrought spikes. Splices to 
guard-rails to be twelve inches long placed between ties with the joint 
horizontal, two three- quarter-inch bolts with flat round heads, wrought 
washers, and two hexagon nuts at upper end being used for each." 

The preceding tables give the quantities of material required 
for a single track of this standard floor for plate-girder bridges. 
The number of spikes for the rails is four times the number of 
cross-ties. If / is the length of the girder ovev all, and c the 
distance center to center of cross-ties, the number of cross- ties 

equals — |- 3. The number of bolts 2 and 3 (see Fig. 15) is 

2! 1- I j. The number of bolts 4 depends on the number of 

guard splices. The number of spikes i equals 



4[C^ + 3)-(^+.)]. 



Taking the weight of the white-oak cross ties as 4^ pounds 
per foot board measure, and that of the long-leaved southern 
pine guard rails as 3| pounds, the actual weight of 100 feet of 
single track when comparatively light rails are used may be 
computed as follows: 

60 cross ties, 3150 feet B.M., @ 4J pounds. . . 13 388 pounds. 
2 guard rails (666.7— icx>) feet B.M., @ 3 J 

pounds 2 125 

90 spikes (i), 30 bolts (2), 30 bolts (3), 20 bolts 

(4), 30 washers (5), and 80 washers (6) 402 

£ rails @ 60 pounds per yard. ...*.,,....... 4 000 

240 spikes @ \ pound 120 

6 rail splices @ 13J pounds 81 

Total 20 1 16 pounds. 
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This gives an average weight of 201 pounds per linear foot, 
while if the weight exclusive of cross ties be taken at 162 
pounds per linear foot the weight of track will be 134+ 162 
= 296 pounds per linear foot. The heaviest standard track 
contains rails weighing loo pounds per yard. 

Art. 2a Expansion Bearings. 

For bridges whose span does not exceed 75 feet, it is cus- 
tomary to provide for changes of length due to temperature 
by allowing the bearing plate at one end to slide on the bed 
plate. For larger spans an expansion bearing is provided, 
which generally consists of a nest of rollers of small diameter 
similar to that shown on Plate III. The diameter d of the 
rollers is usually determined by the allowable pressure in pounds 
per linear inch and which in practice is taken equal to K Vd, 
the value of K (given in the leading specifications) varying 
from 500 to 750 when either or both the bearing plate and 
rollers are wrought iron, and 750 to 1000 when both are made 
of steel. As usually constructed and maintained it is by no 
means infrequent to find such bearings inefficient owing to the 
accumulation of dirt and rust. 

In pin-connected trusses the stress is transferred through 
the pin to the pedestal and by it to the friction rollers (see 
Plate IV). The use of a pedestal in connection with a plate 
girder of long span is shown in Fig. 32 and is briefly described 
in Art. 42. 

On Plate I is shown a standard expansion bearing, designed 
by George S. Morison, which contains some valuable im- 
provements over the forms containing segmental rollers which 
arc used in Europe. When rollers of large diameter are 
employed, those parts which are not needed are removed, thus 
allowing their centers to be spaced much closer. To prevent 
the rollers from tipping over, the side plates which hold them 
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I 

in position by means of bolts are provided with hooks at each 
end, which, however, allow a linear movement y = span h- 
3000 in both directions from the mean position. The steel 
rollers, which are 12 inches high, rest on a ** rail plate " consist- 
ing of T-rails riveted to a plate with their tops afterwards 
planed and polished. The rail plate is bolted to the cast base 
which is directly supported by the pier masonry. When the 
dust accumulates it may be readily removed by passing a long- 
handled brush between the rails. 

On top of the rollers rests a steel casting with its lower 
surface polished, and this in turn supports another casting by 
means of a block of polished steel called a rocker plate. The 
rocker plate fits into a socket in each casting, the surfaces of 
contact being segments of horizontal i:ircular cylinders whose 
axes are respectively parallel and perpendicular to the direction 
of the rollers. The radius of curvature in each case equals the 
length of one side of the square rocker plate. The upper 
casting sustains the pedestal which is connected with the end 
pin of the truss. 

The object of the rocker plate is to allow the bridge to 
adjust itself when erected so that the bearing on the rollers^ 
and hence also that on the bed plate, may be uniform. This 
eliminates the unequal distribution of load which would other- 
wise be caused by imperfect workmanship in the construction 
of the truss and its supports. 

The variable dimensions of tlie details, the linear bearinjj. 
and the safe load for bearings containing from 3 to 12 rollers, 
are given in the table on the opposite page. The form and 
dimensions of other details are shown on the drawing oa 
Plate I. The half side elevation on the upper right-hand 
corner of the plate is that of the pedestal at the fixed end 
of the span. 

In order that the end posts may have the necessary trans- 
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10.25 
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20 


59.5 
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1 1 . 50 
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I 500000 


IZ 


22 


65.5 


13 


12.75 


605 


I 815 000 


12 


24 


71.5 


14 


14.00 


720 


2 160 000 



verse stiffness they are preferably connected by an end floor 
beam which is riveted to them after the bridge is swung. 

Fig. 17 shows a joint designed by Mr. MORISON for a viaduct. 
The alternate girders project a short distance beyond the posts 




Fig. 17. 

and the intermediate girders are supported on these projecting 
cantilevers. The object of the bearing is to provide not. only 
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for the longitudinal expansion and contraction, but also for 
deflection. It consists of a split pin, or two half-pins, and a 
key located in the neutral surface of the girders. The detatb 
are shown in Fig. i8, tlie dimensions given being those of the 




Fig. i8. 
bearings in the Approach Viaduct of the Bellefontaine Bridge 
on the St. Louis, Keokuk and Northwestern Railroad. 

The steel pin has a diameter of 5 inches and a length of 
l]j- inches. In each girder it bears against the web and two 
reinforcing plates, and is- held in position by two additional 
plates, one on each side of and extending over one half the 
depth of the girder. The clearance is j^ inch. The pin is 
split and slotted to receive a phosphor-bronze key, the longi- 
tudinal movement allowed being i inch. The projecting ends 
of the key keep it in place. All surfaces of the half-pins and 
key are finished. 

For other forms of expansion bearings for viaducts, sec a 
paper by J. W. SCHAUB in Transactions American Society of 
Civil Engineers, 1893, Vol. XXVIII, pp. 309-322, and an 
article on the Quaker City and Northeastern Elevated Rail- 
ways, Philadelphia, Pa., in Engineering News, May 25, 1893, 
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Vol. XXIX, p. 478. An application of this standard bearing 
is given in an article entitled Special Structural Details of the 
Memphis Bridge, in Engineering News, Sept. 7, 1 893, Vol. 
XXX, p. 196. 

Art. 21. Conventional Signs on Drawings. 

Full lines show that they are visible, while invisible lines 
are represented by a series of dashes of equal length. In 
order to distinguish between invisible lines of the structure or 
object and the projecting lines it is desirable to use dashes 
about i inch long for the former and about one third as long 
for the latter. The appearance of a drawing is materially im- 
proved by making the spaces between the dashes uniform. In 
general these spaces should measure about ^ inch or a little 
less than the smaller dashes. If the spaces are longer than 
the dashes a line loses its apparent continuity if it is placed 
close to other lines of a similar character. 

Feet are indicated by a prime (') and inches by seconds 
Q, and these are usually placed on dimension lines having 
arrow points at the ends. These lines should be of two kinds : 
first, those marking the points, lines or sections between which 
the measurement is to be recorded ; and second, those drawn 
at right angles to the preceding lines, with an arrow at each 
end and the dimension marked at the middle. The former 
should have the same form as projecting lines, while the latter 
should be distinguished from both projecting lines and invisible 
lines of the structure by using very short dashes or elongated 
dots and spaces nearly or quite ^ inch long. In constructing 
these lines the pen should be opened about twice as far as for 
the ordinary lines constituting the greater part of the drawing. 

Center lines of plans, elevations or sections, or lines mark- 
ing the position of sections whose forms are shown elsewhere, 
are appropriately indicated by the usual convention for traces 
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of auxiliary planes, consisting of very long dashes, say | inch, 
1 with two dots between them. Center lines of members or 
rivet lines are indicated either by very light full lines in black 
or by red lines of ordinary weight. The red lines on tracing 
cloth usually give a faint line on the blue print which may be 
readily seen. The sizes of dashes and spaces given above are 
those suitable for bridge drawings whose scale ranges from 
f to i^ inches to the foot, and should be modified accordingly 
for scales beyond these limits. 

When drawings are to be shaded by making some of the 
lines heavier than others the following simple rule decides 
which lines are thus to be distinguished, plans being treated 
the same as if they were elevations: If aline separates two 
surfaces and there is an. offset perpendicular to, and toward, the 
plane of projection in passing from the left-hand or upper sur- 
face to the right-hand or lower surface the line (marking the 
offset) should be shaded. If the offset is in the opposite direction, 
that is, if the former surface is nearer the plane of projection 
•(or farther from the observer) than the latter, the line is not to 
be shaded. When the offset is not perpendicular, as in the case 
of a bevelled or chamfered edge, the form is usually indicated 
by the presence of diagonals or curves at the ends of the 
chamfer. If the line marks a rounded edge its weight should 
be increased but slightly. Shading adds very materially to the 
realistic effect of a drawing and enables workmen not trained 
to the use of drawings to interpret them more readily. On 
account of the extra labor involved, shading is frequently 
omitted on shop drawings. 

Clearness in detail drawings often demands that cylindrical, 
•conical, spherical or other curved surfaces should be covered 
with shade lines spaced in accordance with the principles of 
shades and shadows in descriptive geometry. 

Cross-sections are usually ruled with parallel lines drawn 
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light and full as shown on Plate I (Art. 20). Sometimes a 
standard of section lining is adopted for different materials 
such as those shown in an article on this subject in Engineering 
News, Vol. XVIII, pp. 472-474, Dec. 31, 1887, but a preferable 
method for most purposes where it is necessary to make the 
distinction is to mark those parts composed of any material 
other than that which constitutes the .bulk of the structure by 
placing the name of the material either on or adjacent to them. 
When the section is so small that ruling will not appear to be 
suitable the section is filled up solid. In order that adjacent 
sections so represented may appear distinct in form a small 
space is left between them although the shapes are really 
in perfect contact. 

In order that a drawing may give proper directions for 
riveting it is necessary that some conventional signs shall be 
adopted for the rivets. A number of different systems of 
symbols have been devised, the two most prominent being 
respectively known as OSBORN's code — which is published in 
Osbokn's Tables of Moments of Inertia and in the Pocket 
Companion (Carnegie)— and the Pencoyd rivet signs published 
in the handbook of the Pencoyd Iron Works. Some other 
systems together with a discussion of existing and proposed 
standards may be found in the Engineering News, Vol. XXI, 
pp. 76, 119, 190, 191, 266, and 340, Jan.-Apr. 1889. OSBORN*s 
code has been adopted by a large number of bridge companies 
and engineers in the interest of uniformity of practice in the 
preparation of shop drawings. In the edition of 1893 of the 
Pocket Companion the lines indicating flattened heads are 
changed from the vertical to the inclined position. The 
attention of the student is particularly called to the different 
interpretations of the terms " inside *' and " outside " with ref- 
erence to this code in the communications published in the 
£ngineering News as quoted above. 

Where the sign of a rivet head is surrounded by a broken 
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circle of larger diameter it represents the insertion of a washer 
to maintain uniform spacing between two angles acting together 
as a strut or tie. When the terms angles, channels, I beams, 
etc., are not marked on the drawing symbols are used having 
the form of the section. For further information regarding 
shop drawings see Art. 8i. 
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CHAPTER IV. 

DESIGN OF A ROOF TRUSS. 

Art. 22. Data and Specifications. 

The form of the truss is to be triangular, with vertical ties 
and inclined struts, the lower chord being horizontal through- 
out, and both ends of the truss fixed. The span of the truss 
is to be 50 feet, the distance between trusses 10 feet, and the 
pitch of the roof one fourth, while the upper chord is to have 
eight panels. The roof covering is to consist of slate weighing 
ID pounds per square foot, laid on sheathing i inch thick, sup- 
ported by rafters spaced 2 feet center to center, these being 
carried by purlins placed at, or very near to, th« panel points of 
the trusses. The vertical tie rods, washers, and shoe plates 
are to be of wrought iron, and the other parts of the trusses, 
as well as the purlins, rafters and sheathing, are to be of 
northern yellow pine whose weight is assumed to be 3 pounds 
per foot board measure. The snow load is to be taken at 25 
pounds per square foot of horizontal projection, while the wind 
pressure is 40 pounds per vertical square foot. 

The allowable unit stresses, expressed in pounds per square 
inch, shall be as follows: For the timber in tension only, 1300; 
in compression, iioo; in extreme fiber under flexure, 1200; 
for shear parallel to the fibre, 130; for compression on the 
side of the fibres, {a) when the entire side of a timber is com- 
pressed, 300; (b) when only half of the side is compressed, 
400 ; {c) under a washer, 500. For the wrought iron in ten- 
sion, 12000; in extreme fiber under flexure, 12000; for rivets 
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in shear, 9000; in bearing, 18000: and in the outer fiber of 
bolts under flexure, f 3 000. 

The lengths of the various truss members are now com- 
puted and checked graphically. The results aie as follows, 
measurements being center to center : Upper chord, 27' i ixV''» 
each division of upper chord, 6' ii|": diagonals, 6' I if, 8' 
lO^j^e '• *"d '*' Sy * verticals, 6' 3", 9' 44", and 12' 6". The 
angle of inclination a is 26° 34', sec a = 1.118, cos a = 0.894, 
and sin a = 0.447. 

Art. 23. Rafters and Purlins. 

If the rafters are spaced far apart the thickness of the 
sheathing must also be computed for safety under flexure, but 
in this case no such investigation is necessary, as it is evident 
that one-inch sheathing with a span of two feet has a consider- 
able excess of strength. 

The span of one division of a rafter is the distance be- 
tween the purlins or 6.99 feet. The area supported by it is 
2 X 6.99 = 13-98 square feet. The vertical load is the weight 
of snow, slate and sheathing covering this area in addition to 
the weight of the rafter. Excluding the last item the weight 
is (25 cos a 4- 10 + 3)i39& = 494 pounds. Adding about 1.5 
pounds per square foot for the assumed weight of rafter, the 
component normal to the rafter is (494+ 21) cos or s= 460 
pounds. The normal wind pressure is 23.8 pounds per square 
foot (see Part I, Art. 13, or Part II, Art. 19), and the wind 
load on this area is 23.8 X 13.98 = 333 pounds. The bending 
moment in the rafter is §(460 + 333)6.99 X 12 = 8320 pound- 
inches. As rafters are usually made 2 inches wide the resist- 
ing moment is 1200 x 2 X d* -7- 6 = 400^/', where d is the 
depth in inches. Equating the moments and solving, d is 
found equal to 4.6 inches. The usual merchantable sizes are 
2X4i2X6, 2X8 inches, etc., but 2x5 inches can now also 
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beobtefMed in some places. The section of 2 X 6 inches will 
be selected. The compression due to the longitudinal com- 
ponent of the vertical loads, which amounts to 124 pounds at 
the middle, was neglected above, but is covered by the increase 
of depth. Each division of the rafter was moreover treated as 
a simple beam, while it is generally continuous over two or 
three divisions. 

The purlin is a beam subject to concentrated loads 2 feet 
apart whose magnitude is the resultant of the vertical load of 
515 pounds and the normal load of 333 pounds, which is found 
to be 826 pounds. Let the rafters be so placed that one will 
come directly over each truss, then the bending moment in 
the purlin is 59,460 pound-inches due to the concentrated 
loads alone. The resisting moment of a timber 5x8 inches 
is I2CX> X 5 X 8" -=- 6 = 64 000 pound-inches, and the bending 
moment due to its own weight of 100 pounds is 1500 pound* 
inches. This size therefore answers the condition. Strictly, 
the purlin should be so placed that its sides are parallel to the 
resultant referred to above, but in this case, where the purlin 
has an excess of strength, a slight modification will be made, 
allowing its sides to be perpendicular to the upper chord of 
the truss and thus avoiding the necessity of notching in order 
to give to the rafters an even bearing on the purlin. When 
the roof is steep, however, this modification should not be 
allowed. 

The purlins are held in position and in turn hold the trusses 
laterally by double notching on the upper chord, the notch on 
each timber being about an inch deep. A block is also spiked 
to its lower side to resist its tendency to overturn under the 
influence of the longitudinal force in the rafters. 

For descriptions of some celebrated timber roofs see Ameri- 
can Architect, June 6 and 13, 1885. For an example of the 
purlins on an iron roof see Chap. X. 
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Art. 24. Loads and Stresses. 

The weight of the truss, according^ to the formula in 
Part II, Art. 16, is 1500 pounds, or 187 pounds per apex. 
The area of roof covering supported by one apex of the truss 
is 6.99 X 10 = 69.9 square feet and the corresponding weight 
of the slate and sheathing is 13 X 69.9 = 909 pounds. The 
weight of five rafters 2x6 inches and 6.99 feet long is 105 
pounds, and of one purlin 5X8 inches and 10 feet long is 
100 pounds. The dead apex load for the truss is therefore- 
1300 pounds. The snow apex load is 6.25 X lO X 25 = 1562 
pounds, and the wind apex load 6.99 X lO X 23.8 = 1664 
pounds. The maximum stresses in the members of the truss 
are now computed by either the analytic method of Part I or 
the graphic method of Part II, and the results are marked on 
the skeleton diagram in Plate II. 

Art. 25. Main Sections. 

It is proposed to use rods for the vertical ties without up- 
set ends, and hence their areas at the root of the thread must 
equal or slightly exceed those obtained by dividing their 
stresses by the allowed unit stress of 12 000 pounds. The net 
areas are 0.197, 0.394, and 0.948 square inches, and the corre- 
sponding diameters are found, by referring to any of tiie 
pocketbooks, to be |, J, and if inches respectively. 

As the structural shapes for designs in this text-book will 
be selected from the " Pocket Companion containing useful 
information and tables appertaining to the use of steel as 
manufactured by the Carnegie Steel Company, Limited, Pitts- 
burgh, Pa., 1893,*' the reference to its tables will now be made. 
From the table in the Pocket Companion beginning on 
page 225, the diameters at the root of the thread are 0.501, 
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0.709, and 1. 10 inches, and the table on page 215 gives the 
corresponding diameters of the bolts. A rod |- inch in diame- 
ter will also be placed below the apex next to the support 
in order to sustain the lower chord. Its section would not 
need to be so large, but it is taken of the same size as the 
next one in order not to increase the number of sizes to be 
manufactured. The rods will have nuts at both ends to facili- 
tate erection, whose sizes are of the usual standards as given 
in the handbooks (see Pocket Companion, page 211). 

The net area of the lower chord is 28 370 -r- 1300 = 21.8 
square inches, but its gross area must be larger as notches 
are to be cut into its upper surface near the end to receive the 
shoe plates, and bolts must be passed through it near the 
notches. Although a smaller net area is required near the 
middle of the truss, its section will be made uniform and the 
splices in the chord located in that vicinity. It is furthermore 
desirable in small trusses like this one to have the sides of all 
its wooden members flush with each other, and as this uniform 
width of the timbers will be the longer dimension of the sec- 
tion of the struts it must be some even inch as 4, 6, or 8. The 
market sizes of timbers have the smaller dimension in either 
an even or an odd number of inches, while the larger one is, as 
a rule, an even number of inches only. The dimensions re- 
ferred to are the nominal ones, the actual being usually a little 
scant. The best width will therefore usually be such that the 
upper chord is a little deeper than its width and the lower 
chord of the same depth as its width or a little less. This 
consideration will make the width six inches. As the net sec- 
tion of the lower chord is nearly 6X4 inches the gross section 
must either be 5 or 6 inches deep. This will be determined 
when the shoe is designed. 

RaNKINE'S column formula is to be used for the com- 
pression members, the allowable unit stress for flat ends being 
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radius of gyration in inches. For a division of the upper 
chord / = 83.9 inches, and for a width of 6 inches, r' = 6* -j- 12 
= 3.0, while the unit stress is 617 pounds. The area is there- 
fore 29 860 -T- 617 = 48.4 square inches, or 6 X 8 inches. This 
section is just a trifle scant, but as the chord is fixed at the 
shoe in such a manner as practically to reduce the length 
between centres as taken above by about one foot it will 
answer. A timber 6x6 inches would be strong enough for 
the third and fourth panels, but the chord will be made uni- 
form throughout for the sake of its appearance. 

The ends of the struts are regarded as intermediate in con- 
dition between flat and round ends so that the fraction ^-^Vir • 
in Rankine's formula for flat ends is replaced by -^^Vfr* Assum- 
ing the least dimension of the longest strut to be 6 inches, the 
unit stress is found to be 239 pounds and the required area 
8500 •¥ 239 = 35.6 square inches, making the section 6x6 
inches. Assuming five inches for the least width of the next 
strut the area required is 25.4 square inches, which takes a 
timber 5x6 inches. The shortest strut must be 4 X 6 inches 
in section. In any of these cases if the required area would 
allow a smaller dimension than the least one assumed a re- 
vision would be necessary using the new value of r. 

Art. 26. Bearing Areas. 

In order to resist the longitudinal components of the 
stresses in the struts with respect to the upper and lower 
chords, indents will be cut in them to receive the ends of the 
struts. As the pressure then acts against the fibers of the 
struts in a direction intermediate between endwise and side- 
wise the allowable unit stresses should vary correspondingly. 
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Passing from left to right the stresses for the lower ends of 
the struts may be taken at 1000, 9CX) and 8(X), and for their 
upper ends 800, 550 and 300 pounds. The components par- 
allel to the upper chord of the stresses in the struts are 3 190, 
2130 and 1060 pounds respectively, requiring bearing areas of 
3.5 to 4 square inches, which will be furnished by an indent f 
inch deep. The horizontal components of the stresses in the 
first and second struts are equal and amount to 4730 pounds 
and therefore require indents ^ inch deep. The greatest dif- 
ference of stress in the middle struts is the magnitude of the 
wind stress, which equals 3350 pounds, its horizontal compo- 
nent being 1850 pounds. As this is resisted by the fibers on 
the farther side of the adjacent strut it should have an area of 
1850 -7- 300 = 6.2 square inches, thus making the indent about 
one inch deep. If, later, the splice in the lower chord will be 
placed at the centre, it may be found desirable to. change this 
arrangement. 

To keep the struts from lateral displacement tenons about 
ij inches in thickness and extending into mortices in the 
chords about 2j inches deep may be employed, or instead of 
that dowels J-or J inch in diameter and about 6 inches long. 
The former plan will be adopted. 

The bearing of the ends of the struts against the sides of 
the fibers in the chords also needs investigation, and if the 
bearing area of the longest strut, which is almost perpendicular 
to the upper chord, is sufficient the others will also be safe. 
The stress in this strut is 8500, calling for a bearing area of 
85CX) -^ 300 = 28.3 square inches. If the tenon is one inch 
thick the areaof the shoulders is (6 — 1^)6 = 28.5 square inches, 
which is sufficient. 

The area required under the washers of the middle rod is 
1 1 370 -T- 500 = 22.7 square inches, which calls for a washer 
about 5f inches in diameter (see Pocket Companion, pages 
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203-208). As this almost covers the entire width of timber 
the unit stress will be reduced to 400 pounds, and the bearing 
area now must be 1 1 370 -f- 400 = ^8.4 squar** inches. Adding 
the area of the hole in the washer, which is 1^^ inches in diam- 
eter, the total area is 28.4+ 1-6 = 30.0 square inches. Using a 
rectangular plate of the same width as the chord its length 
must be 5 inches. At the upper end of the rod, however, the 
plate not only serves to distribute the pressure from the rod but 
also to hold the extremities of the upper chords in position, 
hence its length will be increased to 7 inches and bent so as to 
provide a horizontal bearing for the nut. If the plate be re- 
garded as a beam 6 inches wide and 7 inches long with the load 
concentrated in the middle and the reactions uniformly distrib- 
uted on each side of the middle, a thickness of |^inch would be 
needed for a unit stress of 12000 pounds, but as the reaction is 
really distributed on all sides of the rod and not simply on. two 
sides, the thickness may be reduced somewhat, say to f inch. 

The bearing area under the |^-inch rod is 4720 — 500 '== 9.4 
square inches. The area of the ^-inch hole in the washer is 
0.7, making the total ia3 square inches. Either a round 
washer 3|^ inches, in diameter or a square one 3} inches wide 
will supply this gross area. The square form will be used as 
it allows more bearing area on its sides for the purlin on the 
chord. Tables in some of the handbooks for engineers state 
that wrought-iron washers should have a thickness of about 
one eighth of their diameter for the round, and about one 
seventh of their side for the square. It is not stated whether 
these ratios depend upon experimental results. This would 
make the washer -^ inch thick. The washer for the |-inch 
rod is found to be 2^ inches square and y\ inch thick. 

The normal component of the maximum pressure of the 
purlin on the chord is (793 X S) + 100 cos a = 4055 pounds, 
requiring a bearing area of 13.5 square inches. On the two 
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sides of the larger washer, 3^^ inches square, is an area aggre-^ 
gating (6 — 3.25)5 == 13.75 square inches, and it is therefore 
sufficient. 

Art. 27. Design of End Joint. 

The foot of the upper chord will be held in position by 
a shoe consisting of two bent wrought-iron plates, each one 
having a tooth which shall engage in a notch in the lower 
chord timber. Let these plates be assumed to be f inch in 
thickness, then the resisting moment of one plate is 12000 X 6 
X 0.75 X 0.75 -5- 6 = 6750 pound-inches. The pressure of the 
wood against one of the teeth whose depth is ^ is 6 X ^ X 1 100 
and causes a bending moment in it of (6 X ^ X 1 100 X ^ -5- 2) 
pound-inches. Equating these moments and solving, ^/= 1.44 
or i-j^ inches. The total stress which will be taken by the two 
teeth is 2 X 6 X 1.44 X iioo = 19000 pounds. The clear dis- 
tance between them must provide a horizontal shearing surface 
whose strength equals the compressive strength of the side of 
^ne notch. Its length must be 9500 -r- (6 X 130) = 12.2 inches, 
but as a bolt will pass through this surface its length will be 
made 12 J inches. The lower chord must be extended the 
same distance beyond the outer tooth of the shoe plate. 

The horizontal component of the stress in the upper chord 
is 29 860 cos a = 26 690 pounds, hence a balance of 26 690 — 
19000 = 7690 pounds must be taken by some other means. 
Bolts will be used whose direction is perpendicular to the 
upper chord. The longitudinal stress in these bolts must 
therefore be 7690 — sin a = 17 210 pounds, which requires 
two bolts each having an area of 8605 -r- 12 000 = 0.72 square 
inches. A bolt I J inches in diameter will have an area at the 
root of the thread of 0.891, the area of the next smaller size 
being a little too small. These bolts require a bolster under 
the truss in order to avoid cutting into the lower chord and 
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weakening it. It will be convenient to make the bolster of 
the same section as the chord. As the washers will have an 
inclined bearing on the fibers a unit stress of about 600 pounds 
may be employed and the bearing area is 8605 -s- 600 = 14.3 
square inches. A washer 4 inches square will answer the 
purpose. The position of the bolts is shown on the drawing. 

The stress in the lower chord requires a net area of 28 370 
-=- 1300 =21.8 square inches. If the lower chord is 6 inches 
deep the net section at the notch is (6 — 1.44X6 — 1.25) = 21.7 
square inches. But the bolster requires one or two keys in 
order to keep it in position. These keys must transmit a 
stress of 28 370 — 19000 = 9370 pounds. If they are made 
i^ inches deep and their fibers are parallel to those of the 
chord each one can take 6 X } X 1 100 = 4950 pounds. This 
stress requires a net area of fibers in tension 4950 -^ (6 X 1300) 
= 0.64 inch high and extending across the timber, and a 
shearing surface on the left of the key 0.64 X 1300 -7- 130 = 6.4 
inches long. Now unless the inner key is placed farther than 
64 inches to the right of* the inner notch the net area of the 
fibers which could transmit tension past the notch and bolts 
would be only (6 — 1.44 — 064 -- 0.75)6 — 1.25) == 15.05 
square inches. But the stress thus to be transmitted is 28 370 
— 4950 = 23 420 pounds and requires 23 420 -r- 1300 = 18.02 
square inches, or about 3 square inches more, and this will 
demand an additional shearing length of 3 X 1300 -^ (130 X 6) 
= 5.0 inches. The clear distance between the inner notch and 
key must therefore be about ii^ inches, while the bolster must 
extend at least 6J inches beyond the key. The outer key may 
be placed anywhere beyond the bolts as the net area of 18 
square inches is provided for. The width of the keys should 
be at least double their thickness, as is shown by experiment^ 
in order to prevent crushing the fibers by rotating the key. 
Using either selected southern yellow pine or white oak for 
the keys their unit shearing strength along the fiber may be 
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taken 50 per cent greater than that of the main timber. The 
length of the key is hence made 4^ inches. The pressure on 
the ends of the key is applied on the upper half of one end 
and the lower half of the other, producing a moment of rotation 
of 4950 X i(i«5) = 37*3 pound-inches. This moment causes 
diagonally opposite halves of the sides of the key to press 
against the main timbers which act as beams of short span in 
transferring this pressure to the bolts on both sides of the key. 
If the pressure .on each side of the key varies uniformly from 
zero at the middle to its maximum value at the end the 
horizontal distance between the centres of pressure is two 
thirds of the length of the key, or 3 inches. This gives the 
total pressure on one side of 3713 -r- 3 = 1238 pounds. The 
size of bolt necessary to resist this stress is smaller than 
practical considerations allow. The same diameter will be 
used as for the smallest tie rod. 

The vertical component of the reaction is 29 860 sin a .— 
13350 pounds, and the bearing area of the truss on the wall 
plate is 13 350 -4- 300 = 44.5 square inches. If the wall plate 
is 8 inches wide it will furnish the requisite bearing. The 
horizontal component of the reaction is 1680 pounds and may 
be conveniently provided for by a one-inch notch over the 
wall plate, which is fastened to the wall at regular intervals by 
anchor bolts. The truss may be held in place either by a few 
spikes or by means of two small bent plates fastened to the 
bolster by a bolt and to the wall plate by spikes or lag screws. 

The purlin near the shoe is conveniently placed with its 
sides vertical and made sufficiently deep to afford the necessary 
bearing for the rafters. 

Art. 28. Chord Splices. 

If timbers for the upper chord cannot be conveniently se- 
cured of the full length, the splice should be placed as near as 
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possible to one of the apexes. The half lap joint has the ad- 

' vantage of simplicity and should be about twice as long as the 

depth of the timber. The parts are united by two bolts, as 

* 

shown on the drawing. 

The splice in the lower chord will preferably be located at 
the center where the stress is least, and thus require chord 
timbers a little less than 26 feet long. A plain fish-plate joint 
with bolts will be used. The net area for tension must be 
18940 -=- 1300 = 14.6 square inches, the area of compression of 
the wooden fibers against the bolts is 18940 -5- 1100= 17.2 
square inches, and the area required for shearing along the 
fibres is 18940 -=- 130 = 145. 7 square inches. Unless the bolts 
.are very small each bolt tends to shear the timber in two sur- 
faces a little nearer together than the planes tangent to its own 
surface. The bolts are subject to flexure, the pressure of the 
timber against the bolts being regarded as uniformly distrib- 
uted. In order that the fish plates shall be as strong as the 
main timbers connected by them each of the former must be 
half as thick as the latter. Let an investigation be made 
to see whether the main timbers will be strong enough if re- 
duced to a thickness of 3 inches, and the plates i^ inches, so 
that their combined thickness may equal that of the section 
adopted for the lower chord. 

The curve of moments for the bolts is shown in Fig. 19. 
The triangle 6e/i would be the moment diagram if the uni- 
form loads were regarded as concentrated at their centers of 
gravity. The parabolas ac, cg^ and gi are drawn tangent to the 
sides of the triangle at the points a, r, g and t, their axes being 
parallel to the direction of the forces, (see Part II, Art. 10.) The 
diagram also shows that the maximum moment is the same as 
it would be if the forces in each half of the main timber were 
concentrated at their center of gravity. The value of the 
xnaximum moment is therefore the product of the tension in 



Art. 28. 



CHORD SPLICES. 



65 



one of the fish plates and the distance between the center of a 
fishplate and the quarter point of the main timber, .and if the 
fish plate is one half as thick as the main timber this distance 
equals the thickness of the fish plate. In the present exam- 
ple the moment is 9470 x 1.5 = 14205 pound-inches. Now 
assume that four bolts may be needed in each half of the 
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Fig. 19. 

joint, then the resisting moment of one bolt is 14205 -^ 4 =r 
3550 pound-inches. The resisting moment of a bolt whose 

diameter is dis — = — — -, in which 5 is the unit stress in the 

c 32 

outer fiber, / the moment of inertia of its cross-section, and c 
the distance of the outer fiber from the neutral surface. The 
computed values for a large range of diameters are usually 
published in the manufacturers* handbooks. Referring to the 
Pocket Companion, on page 173 it is found that the bolt 
must be if inches in diameter for a unit stress of 1 5 000 pounds. 
This size bolt would leave a net area for tension in the main 
timber of (6 — if)3 = 13.9 square inches. As this is only a 
little below the required area, let the thickness be increased 
to 3^ inches, giving a net area of 15.0 inches, and making the 
combined thickness only 6J inches. This will increase the 
bending moment in a bolt to 9470 X if -5- 4 = 3850 pound- 
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inches, and as this is about equal to the resisting moment of 
a if-inch bolt, this size will still answer. The compressive area 
is now 4 X i| X si = 17.9 square inches, which being just 
a trifle larger than that required shows that it is safe, and also 
that the number of bolts assumed is the minimum allowed. 
Of course a number of bolts larger than the minimum might 
be used, but it would not usually be economical in material. 
The shearing surfaces instead of extending to the surface of 
the bolt opposite the center are probably about one quarter of 
the diameter shorter. As there are eight shearing surfaces the 
length of each one is 145.7 -^ (8 X 3i^) = 6J inches, making 
the distance of a bolt from the end of a timber 6J + (i X if) 
= 6J inches, and the bolts 6J + (J x i|) = 6| inches center 
to center. On account of the rod at the middle of the truss 
the nearer bolt should be placed about 7 inches from the 
center. The length of the fish plates will then be 2(6^^ + 3 X 
6| -{- 7) = 5 ^^^t ^i inches. As these bolts are subject to 
very little tension, their heads and nuts would not need to 
have the standard thickness, and the smallest size washers may 
be employed, the nuts being drawn up simply to keep the parts 
in close' contact. The holes should be bored of such a size 
that the bolts when driven in will fit tightly. 

" The fish plates will be given a projection at the middle to 
receive the shoulders of the adjacent struts and afford suffix 
cient bearing, and the space between them receives the thick 
tenons of the struts. No mortise therefore is required to be 
cut in the chord. 

Instead of using wooden fish plates and cutting down the 
main chord timber, it would be preferable to employ wrought- 
iron ones laid flush with the surface of the chord. This 
arrangement would require two bolts i-J^ inches in diameter 
in each half of the joint and spaced 7 inches center to center, 
the total bending moment in the bolts being in this case 
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the same as before. The plates would be ^ inch thick and 
about 2 feet 9 inches long. 

Still anothier plan would use two plates f inch thick and 
with a tooth at each end of the same dimensions as those used 
for the shoe. These plates would be 2 X 12.2 = 24.4 inches 
long between the te^th, or about 26 inches out to out after 
bending. If the parts are kept in position by two half-inch 
bolts in each half of the joint, there will still be enough net 
section for tension, but it will not allow the plates to be laid 
flush with the chord. This arrangement would be more ex- 
pensive than the others and would require more careful work- 
manship to insure uniform bearing of the teeth. 

Art. 29. Weight of the Truss. 

The finished lengths of all truss members and details are 
marked on the drawing, and from these a complete bill of ma- 
terial may be readily prepared for any given number of trusses. 
Such market lengths of timber should be chosen for the vari- 
ous sections as may be cut up with the least waste. 

With the aid of the tables in the Pocket Companion, be- 
ginning on pages 197, 203, 210 and 211, and remembering that 
the first two tables are for steel, which is two per cent heavier 
than wrought iron, the total net weight of material for one half 
of a truss is computed to be loio pounds, consisting of timber, 
789 pounds; tie-rods, washers and nuts, 80 pounds; bolts and 
washers, 71 pounds; and bent plates, 70 pounds. If that part 
of the half truss whose weight belongs to the apex load at the 
support is deducted, the weight of timber is reduced to 684 
pounds, and that of the bolts and washers to 40 pounds, while 
the tie-rods, etc., remain unchanged and the bent plates are 
entirely omitted. The total net weight for the 3^ apexes is 
therefore 804 pounds, or 230 pounds per apex. This is 43 
pounds more than was assumed, or a little more than 3 per 
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cent of the entire dead panel load. No revision of stresses 
and sections is hence necessary. 

The weight of one truss being 2026 pounds, and that of 
the rafters and roof covering for 10 feet in- length (Art. 72) 
being 8900 pounds, the total weight of the roof for 500 square 
feet of floor area is 10920 pounds, or nearly 2.2 pounds per 
square foot of horizontal area covered. 
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CHAPTER V. 

DESIGN OF A PLATE-GIRDER BRIDGE. 

Art. 30. Specifications. 

Let the design be that of a deck plate-girder bridge for a 
single-track railroad, the span being 80 feet between centres of 
bearing plates. The bridge is to be located on a straight tracks 
and its material, with the exception of the track and the rivets, 
is to be mediunn steel. The specifications to be used are those 
of F. H. Lewis contained in a pamphlet entitled Soft Steel in 
Bridges, first published in the Proceedings of the Engineers^ 
Club of Philadelphia, Vol. IX, January, 1892. By permission, 
so much of the specifications as relates to the design of plate 
girders of the above span is here reprinted. 

Specifications for First-class Bridge Superstructure. 

General Description, 

2. Ties on tangents will be 8 inches by lo inches* laid on 8-inch face 
and spaced 14 inches between centers ; guard-rails will be 7 inches by 8 
inches, spaced 8 feet between centers. . . . Ties will be notched } inch 
over stringers, and guard-rails } inch over ties. Guard-rails will be 
bolted to each end of every other tie ; and ties and guard-rails will be 
secured to stringers by hook bolts at each end of every fourth tie. 

3. For spans of x6 feet or less, rolled beams will be used, and from 
16 feet to 100 feet, riveted plate girders. All spans over 100 feet will be 
pin-connected trusses. 

4. Beams or deck girders on masonry will be spaced 7 feet o inches 
center to center (ties 10 feet long). . . . 

10. All structures will be simple in design, and admit of accurate 
calculation of the stresses in each member. 

18. Live loads will be as per diagram furnished by the Chief En- 
gineer. 
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Loading. 

19. The structure will be proportioned to carry the live loads as per 
diagram, and the live-load stresses will be the maximum stresses pro- 
duced by the rolling load considered as stationary or as moving in 
either direction. . . . 

20. The dead load shall consist of the entire structure, including the 
floor system and rails and fastenings. The weight of the ties, guard 
timbers, rails, spikes, etc., shall be taken at 400 pounds per linear foot 
for each track. The load of the structure when complete shall not ex- 
ceed the dead load used in calculating the stresses. 

Wind in Trusses. 

22. The bottom lateral bracing in deck bridges and the top lateral 
bracing in through bridges must be proportioned to resist a uniformly 
distributed lateral force of 150 pounds per linear foot of bridge for all 
spans of 200 feet and under, and an additional force of 10 pounds per 
lineal foot for every 25 feet increase in length of span over 200 feet. 

23. The bottom lateral bracing in through bridges and the top lateral 
bracing in deck bridges must be' proportioned to resist a uniformly dis- 
tributed force the 'Same as above, and an additional force of 300 pounds 
per linear foot of bridge, which shall be treated as a moving load. 

Centrifugal Force. 

25. When the bridge is on a curve add to the maximum wind stresses 
a moving lateral stress equal to 3 per cent of the live load on all tracks 
(acting in the direction of centrifugal force) for each degree of curva- 
ture. 

26. The effects of wind and centrifugal force in the lateral system of 
structures must be fully provided for at unit stresses given below. 

Longitudinal Bracing and Anchorage. 

27. Longitudinally the bracing of trestle towers and the attachments 
of the fixed ends of all trusses shall be capable of resisting the greatest 
tractive force of the engines or any force induced by suddenly stopping 
the assumed maximum trains, the coefficient of friction of the wheels 
upon the rails being assumed to be 0.20. . . . 

Temperature. 

28. Variations in length from change of temperature to the amount 
of I inch in 100 feet shall be provided for. 
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Calculations and Unit Stresses, 

29. All parts of the structure will be proportioned to sustain the 
maximum stresses produced by the live and dead loads specified above, 
and by the wind and centrifugal forces under special conditions provided 
in paragraphs 26, 32 and . . . 

30. In calculating strains, conventional assumptions will be used 
throughout. The lengths of spans will be the distance between centers 
of end pins of trusses/and between centers of bearing plates of beams 
and girders. The length of stringers will be the distance between 
centers of floor beams, and the length of floor beams the distance be- 
tween centers of trusses. The depth for calculation of girders will be 
the distance between centers of gravity of flange sections, provided it 
does not exceed the distance out to out of angles, in which case the 
iatter amount shall be considered the depth. 

Formulas for Unit Stresses, 

31. The following formulas for unit strains per square inch of net 
sectional area shall be used in determining the allowable working stress 
in each member of the structure. 

Tension Members, 

'Medium Steei. 

(c) Tension flanges of girders, net sections. See f 82. 9000 |i + '^. 

Compression Members, 

I 

(A) Lateral struts #** 1 2600 — 60—. 

In which formula, /= length of compression member in inches, 
and r =. least radius of gyration of member in inches. 

Members subject to Alternate Tension and Compression. 

(/ ) For compression only Use the formula above. 

p *u * * . o / »"ax- lesser \ 

For the greatest stress 8400 1 1 1. 

^2 max, greater' 

Use the one giving the greatest area of section. 
(/> The compression flanges of beams and plate girders will have the 
same cross-section as the tension flanges. 

Shearing. 

Soft Steel. Medium Steel. 

il) On pins and shop rivets 6600 7200 

On field rivets 5200 Will not be used. 

In webs of girders 5000 6000 
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Bearing, 
(/«) On projected semi-intrados of soft Steel. Medium Steel 

main pin holes and rivet holes. ... 13 200 14 500 

* ^t « 

On bed plates of masonry, 250 pounds per square inch. 
{ft) Coefficients 0/ Friction 

will be used as follows : 

Wrought iron or steel on itself o. 1 5 

Wrought iron or steel on cast iron . . . '. 0.20 

Wrought iron or steel on masonry 0.25 

Masonry on itself o. 50 

32. In case the maximum stresses in chords, girder flanges, trestle 
posts, or the bending effects on posts due to wind or centrifugal force, 
shall exceed 25 per cent of stresses due to dead and live load, the 
sections will be increased until the total strain per square inch will not 
exceed by more than 25 per cent the maximum fixed for live and dead 
load only. 

34. The effects of the weights of horizontal or inclined members in 
reducing their strength as columns must be provided for. It will also 
be considered in fixing the position of pin centers. 

35. Plate girders shall be proportioned upon the supposition that the 
bending or chord strains are resisted entirely by the upper and lower 
flanges, and that the shearing or web strains are resisted entirely by the 
web plate. 

36. The effective diameter of the driven rivet shall be considered the 
same as the diameter before driving. In deducting for rivet holes, the 
diameter of the hole will be considered i inch greater than the rivet for 
full-headed rivets, and \ inch larger for countersunk rivets. 

37. No compression member shall have a length exceeding 45 times. 

its least width, and no post will be used in which — exceeds 125. 

Details of Construction and Workmanship. 

General. 

40. All details must be of approved forms and satisfactory to the 
Chief Engineer. 

41. Preference will be had for such details as will be most accessible 
for inspection, cleaning, and painting. 

42. No shape iron weighing less than 6 pounds per linear foot will 
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be usedrnor apf iron le|s tlian | inch thick, nor any bar of less than one 
square inch section. '- No angle smaller than 3 inches by 3 Inches will be 
used in girders or truss members, or in any member having {-inch rivets. 
No angle smaller than 2^ inches by 2^ inches will be used in any part 
of bridge structures. End angles carrying stringers and floor beams will 
be at least i inch thick. 

43. All bed plates will be at least } inch thick. 

46. Angles, cover plates and web sheets shall be as long as practi- 
cable to avoid splicing. . . . 

47. The pitch of rivets will not be less than 3 diameters, nor more 
than 6 inches (see T 92), nor more than 16 times the thickness of 
the thinnest outside plate. No rivet will have a longer grip than 
5 times its diameter, nor be nearer the edge of the metal through which 
it passes than i{ inches when the edges are machine or roll finished, 
and will not be nearer than if inches to a sheared edge. 

51. Work will be designed in clean, handsome lines. In addition to 
the value and usefulness of members in the structure, they will be 
neatly finished. 

Hivets, 

67. For main members |-inch rivets will preferably be used, with 
^inch rivets for lateral members. 

69. Whenever the grip length of rivet exceeds 2^ inches, power- 
driven rivets will be insisted upon. 

71. The dies will not exceed the diameter of rivet by more than 
-ff inch. 

P/aU Girders, 

76. The webs of all plate girders will be of steel. . . . 

77. No rivet holes will be pitched nearer than if inches to a sheared 
eA%ft, or nearer than if inches to a roll-finished or machined edge of the 
webs. 

78. Web splices will be made by two universal steel plates of the 
same thickness as the web plate. Stiffeners will be used at all web 
splices. The width of the splice plates shall be sufficient to admit the 
requisite number of rivets and to receive the stiffeners. 

79. Wherever the unsupported distance between the flange angles 
exceeds 50 times the thickness of the web sheet, vertical stiff eners of 
angle iron shall be placed on each side of the girder. Stiff eners will be 
symmetrically spaced from the center of the girder, and the distance be- 
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tween them, center to center of rivets, will not be greater than the 
distance between centers of flange angles. If unequally spaced, the dis- 
tance between them will decrease toward the ends. 

80. There will be a pair of stifleners at each end of all bed plates. 

81. All stifleners will have fillers under them of the same thickness 
as flange angles and as wide as stiffener angles. 

83. The net section of tension flanges will be reckoned as the mini- 
mum section square across the flange, and the net section on any diag- 
onal or broken line through two or more rivet holes must have 25 per 
cent excess. 

83. In calculating shearing and bearing strains on web rivets of plate 
girders, the maximum shear acting on the outer side AfAf of any panel 
will be considered to be transferred to the flange angles in a distance 
AfO (equals AfM), and the number of rivets in the stiffener AfM will fol- 
low the same rule. 

84. All stifleners. fillers and splice plates on the webs of girders must 
fit at their ends to the flange angles sufficiently close to be sealed, when 

. . ^ painted, against admission of water, but need 

not be tool-finished. 

85. Web plates of all girders must be 
arranged so as not to project beyond the faces 
of the flange angles, nor on the top be more 
than i>| inch below the face of these angles 
at any point. 

86. To provide for local shear of heavy 
Fig. 20. wheel loads, the rivet spacing in top flanges 

of deck-plate girders and stringers will not exceed 3 inches pitch when 
there are no cover plates, or 4 inches with cover plates. 

87. The compression flanges of girders will be stayed at intervals not 
exceeding 15 times their width. 

88. In through spans, stiffened gussets will run from top flange to 
each floor beam. 

89. In deck spans the lateral bracing will extend from end to end, 
and no brace will make an angle less than 40 degrees with the girders, 
excepting end braces of skew spans. 

90. All girders having flange plates will have one plate in each flange 
extending from end to end ; and, with the exception of floor beams, gird- 
ers will preferably have at least one flange plate. 

91. When two or more plates are used on the flanges they shall either 
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be of equal thickness or shall decrease in thickness outward from the 
angles, and shall be of such lengths as to allow of at least two rows of 
rivets of the regular pitch being placed at each end of the plate beyond 
the theoretical point required. 

92. When two or more cover plates over twelve inches wide are used 
in the flanges of plate girders, an extra line of rivets shall be driven along 
each edge to draw the plates together and to prevent the entrance of 
water. Plates over 17 inches wide will have three rows of rivets with 9 
inches pitch for the outer row. 

93. All joints in flanges, whether in tension or compression members, 
must be fully spliced, as no reliance will be placed upon abutting joints. 
Tiie ends, however, must be dressed straight and true, so that there shall 
be no open joints. 

94. Flange angles must be spliced with angle covers wherever cut 
within the length of the girder. 

95. Splices must break joints with each other, one piece only being 
spliced at any point. 

96. Cross>frames will be used at the masonry ends of all girders and 
at intermediate points when wind or centrifugal force makes it desirable. 

97. All cross-frames will be made of angles and plates, and will be. 
stiff rectangles of four members, viz., top, bottom and two diagonals. 

98. Girders will be neatly finished at the ends. They will have a 
plate corresponding in width with the cover plates riveted to end stiflen- 
ers, and a corner cover at the top riveted to both top and end plates. 

Long Plate Girders, 

109. Plate girders of lengths from 75 feet to 100 feet may be built of 
medium steel, under special conditions, as follows : 

no. All rivet holes in the angles and plates in both flanges will be 
drilled in the solid. Occasional small holes may be punched for pur- 
poses of bolting up and reamed afterward. 

III. All other rivet holes in web plates, stiffeners. lateral braces and 
fillers may be punched of full size for riveting, provided the metal does 
not exceed -^ inch thickness. 

113. All web splices will have four rows of rivets, the middle rows 
being pitched five inches between centers. 

114. Rivets will be of soft steel and power-driven whenever prac- 
ticable. 

11$. The general requirements given under plate girders will apply 
to these also, except as modified above. See Ht 77 to 98 inclusive. 
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Shoes, Bed Plates, etc. 

155. There must be a pier box or plate of approved form under ped- 
estal shoes at both ends, of sufficient depth to distribute the weight 
properly on masonry. These boxes or plates must be at least } inch 
thick, must have planed surfaces and be of such dimensions that the 
greatest pressure upon the masonry will not exceed 250 pounds per 
square inch, and sheet lead not less than \ inch thick shall be inter- 
posed between them and the masonry. 

156. Where two spans rest upon the same masonry a continuous 
plate not less than f inch thick shall extend under the two adjacent 
bearings. 

157. All the bed plates and bearings under fixed and roller ends 
must be fox-bolted to the masonry; for trusses, these bolts must not be 
less than i{ inches diameter; for plate and other girders, not less than 
\ inch diameter. The contractor must furnish all bolts, drill all holes, 
and set bolts to place with sulphur. 

158. All bridges over 75 feet span shall have at one end nests of 
turned friction rollers, formed of wrought steel, running between planed 
surfaces. The rollers shall not be less than 2^ inches diameter, and 
shall be so proportioned that the pressure per lineal inch of roller shall 
not exceed the product of the square root of the diameter of the roller 
in inches multiplied by 500 pounds (500 |/</). Bridges less than 75 feet 
span will be secured at one end to the masonry, and the other end shall 
be free to move by sliding upon planed surfaces. 

159. Friction rollers must be so arranged as to be readily cleaned and 
to retain no water. 

160. While the roller ends of all trusses must be free to move longi- 
tudinally under chanp^e of temperature, they shall be anchored against 
lifting or moving sideways. 

In view of the statement in T 18 above it will be specified 
that the live load shall consist of two coupled Lehigh Valley 
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Fig. 21. 
typical consolidation locomotives and train as shown in Fig. 
21. The numbers above the wheels show their weights in 
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pounds for both rails of a single track and the numbers 
between them give their distances apart in inches. 

The general drawing of the complete structure is shown on 
Plate III, to which reference may be made as the design pro- 
ceeds without further attention being called to it in the text. 



Art. 31. LivE-LOAD Stresses. 

The following stresses due to the load specified in the 
preceding Article were obtained graphically and refer to one 
girder. 



1 Distance of 
SectioQ from 

SuppOTL 


Wheel at the 
Section. 


Maximum Bend> 
ing Moment. 


Wheel at the 
Section. 


Maximum Ver^ 
tical Shear. 


Feet. 


No. 


Pound-feet. 


No. 


Pounds. 





— 





2 


II90OO 


5 


a 


530000 


2 


105 600 


10 


3 


962 000 


2 


92 600 


15 


3 


I 315 000 


2 


80000 


20 


4 


I 580 000 


2 


68800 


3S 


12 


I 780000 


2 


58900 


30 


13 


I 927 000 


2 


50 TOO 


35 


13 


2 022 000 


2 


41 800 


40 


13 


2 045 000 


2 


35 100 



The diagram employed also contained the equilibrium 
polygon for a train following the first locomotive and indi- 
cated at a glance that this load will produce slightly larger 
shears at sections 15, 20, 25 and 30 than the one specified, the 
values being 80 400, 69 800, 59800 and 50400 pounds respec- 
tively. 

The absolute maximum bending moment occurs at the 
middle, which is rather unusual for a girder. The moment 
remains almost the same for a foot each way and is 2 040000 
pound-feet at a distance of two feet from the middle. 
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The following table contains the simultaneous bending 
moments in each pair of adjacent sections when the load is so 
placed as to produce the maximum vertical shear in the sec- 
tion nearer the middle of the girder. The moments are 



DisUnce of 
Section from 
Support. 


Load in Position for Maximum Shear at Section. 


5' 


lO* 


>5' 


aC 


Feet. 
O 

5 
lo 

15 
20 

Difference . . 



530000 


480000 
945000 


850000 
I 255 000 


> 

I 125 000 
I 470000 


530000 


465 000 


405 000 


345000 




as' 


30' 


35' 


^ 


20 

25 
30 

35 
40 

Difference.. 


I 315 000 
I 6x0000 


I 430000 
I 680 000 


I 470000 
I 680000 


I 445000 
I 610000 


295 000 


250 000 


210000 


165 000 



expressed in pound-feet. Their differences are proportional 
to the shear transmitted from the flanges to the web, und these 
will be used in determining the rivet spacing in the flanges, as 
will be explained in Art. 39. 

The method of finding the moments and shears in a plate 
girder under locomotive and train loads is given in Part II, 
Art. 40, but a modification of it somewhat more advantageous 
will be employed in this problem, the description of which 
will now be given. 

The criterion for the position of the wheel loads which 
produces the maximum moment in an>' given section of a. 
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girder is the same as that deduced for trusses in Part I, Art. 
61, and is 

in which W\^ the whole load on the bridge, P' the part of the 
load on the left of the section, V the distance from the section 
to the left support, and / the span. To use this criterion let a 
" load line ** ABCDy composed of a series of steps, be con- 
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Fig. 22. 

structed as shown in Fig. 22. The rise in each step indicates 
the weight and the position of the corresponding wheel, suit- 
able scales being used for the distances and weights. Any 
ordinate to this load line gives the sum of all the loads on its 
left, and as the diagram is drawn on profile paper its value can 
be read off directly. 

The equilibrium polygon ABCD\ consisting of a broken 
line for the locomotive and a part of a parabola for the train^ 
was drawn in this case by laying off the moment ordinates 
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JO' 40' 

Fig. 23. 



under each wheel as taken from a tabulation diagram on hand 
similar to the one shown in Part I, Art. 62. 

On a sheet of tracing paper let the span ab of the girder be 
laid off to the same linear scale as that shown by the profile 

paper, the half span 
divided into the re- 
quired number (8) of 
equal parts and indefi- 
nite ordinates erected 
at these points. ' Fig. 
23 shows the completed 
diagram placed in posi- 
tion on the load line. 

It is very important 
that when the base 
lines of the two dia- 
grams coincide their ordinates should be truly parallel 
The sections are five feet apart and the 20-foot section is made 
to coincide with wheel 4. If this be the proper position for 
the maximum moment in the 20-foot section, the equation 

P' =z J Wmwst be satisfied. Remembering that the horizon- 
tal axis on the left of a is. to be considered as a part of the 
load line, connect by a straight line the points a and d where 
the ordinates at the supports intersect the load line. Now the 
ordinate bd equals W, ab equals /, ae equals /', and hence 

Wj is represented by the ordinate ei. If the wheel 4 is just 

on the right of the section the ordinate eh represents P', if 
just on the left the ordinate ek is the load P'\ and when it is at 
the section the load P' may be regarded as having any value 
between these limits. The condition is therefore satisfied, and 
this position will give the maximum moment at section 20'. 
All the possible positions for all the sections can be deter- 
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mined in a few minutes, by using a small silk thread, shifting 
the tracing paper in each case so as to bring a wheel over the 
section, stretching the thread as indicated above and noting 
whether it intersects that wheel on the load line. 

The value of the maximum bending moment at section 20' 
may now be obtained by drawing the closing line and measur- 
ing the ordinate y^. A scale consisting of a separate strip of 
profile paper cut from the same sheet is convenient for this 
purpose. If the left end a of the closing line were always on 
the axis ab greater precision would be attained by reading the 
moment bc^ multiplying it by the ratio /' -=- /, which in this 
example is one fourth, and subtracting the moment ef, which 
is known and usually marked on the diagram. In plate girders, 
however, a is frequently not on the axis. In the girder whose 
moments are given in this article the positions satisfying the 
criterion for the various sections were found to be as follows : 



Section. 


Wheel at Section. 


Section. 


Wheel at Section. 


5' 


2,3 


25' 


4. 12, 13 


10' 


2,3.4 


30' 


12, 13 


15' 


3,4 


35' 


12, 13 


20' 


4, 12 


40' 


4, 5, 8, 9, ID, 12, 13 



It is therefore better to make the scale large enough to insure 
the requisite precision when the ordinates are read off directly 
by a separate scale so that only one value needs to be 
recorded. Where more than one position satisfies the con- 
dition the use of the dividers will show which is the largest, 
and its value alone needs to be carefully read and recorded. 
In order to enable a large vertical scale to be used on the 
width of an ordinary sheet of profile paper, the equilibrium 
polygon, or moment diagram, was consolidated as shown in 
Fig. 24. In this way the vertical divisions on profile paper, 
plate B, which measure a little more than 0.8 inch, could be 
taken as 500 thousand pound-feet instead of 1000 thousand 
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pound-feet as before. The linear scale used was 4 feet to 
an inch, the actual working diagrams being therefore about 
ten times as large as those here given. 

By reference to the above table of positions it is seen that 
the ordinates to be measured lie in the left half of the diagram 
so that acute intersections of the ordinates with 
the polygon are avoided. If this diagram were not 
also to be used for obtaining shears a further im- 
provement would be made by inclining the axis 




Fia 24. 



<3ownward towards the right, thus bringing the closing lines 
more nearly horizontal. 

Before finding the maximum vertical shears at the various 
sections it is necessary to know the position of the live load 
causing them. As shown in Part II, Art. 40, the maximum 
shear in any section occurs when one of the loads at the head 
of the locomotive is at the section. If M' be the moment of 
all the loads about the right support when wheel I is at the 
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section, and M" when wheel 2 is at the section, the correspond- 
ing values of the vertical shear are 



K = 



M' 



M" 
and V, = ^-P„ 



P^ being the weight of wheel i. There will be some section 
where the shear due to both positions will be equal. Equating 
4hese values and transposing, 

M" -M' ^ PJ. 

In Fig. 25 let cd be the moment M'^ and ab the moment M\ 
The distance ac between these moment ordinates is equal to 



I 
I" 
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Fig. 25. 



Tthe distance between the wheels i and 2. If V^ = F„ de = cd 
— ab =^ M'^ — M^ = PJ. The position of the section where 
V^ = F, may then be found as follows : Place the girder 
•diagram (constructed on the tracing paper) on the moment 
•diagram (Fig. 22) with its left support at wheel I and mark on 
Its section or ordinate at the right support the distance to 
the line Bb, which is the side of the equilibrium polygon on 
the right of wheel i produced. This is PJ (Part II, Art. 7). 
Move the former diagram to the left until the section at the 
right support is at wheel 2 and mark the position of wheel I. 
The two points marked are shown in Fig. 25 at d and b 
respectively. Now move the tracing with the point d remain- 
ing on the equilibrium polygon and with its axis horizontal 
until a position is reached where b is also on the polygon. 
Mark the position of wheel 2 at f. It is easily remembered 
ivhat wheel is to be marked by noticing that the right-hand 
ordinate cd is M'\ which by the notation is the moment at the 
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support when wheel 2 is at the section. At every section^ 
therefore, between /and e the greatest shear will be produced 
when wheel I is at the section, and for all sections between 
y* and ^ (the left support) when wheel 2 is at the section. 

In the girder under consideration the shears under the first 
two wheels are equal at a section a little over 6o feet from the 
left support. For the live load here employed no plate girder 
has yet been built in which wheel 3 at any section gives a 
greater shear than wheel 2. 

When the live load consists of passenger locomotives it is 
possible that for some spans the section in which V^ = V^ may 
be on the right of that where F, = F,, in which event it is 
necessary to find where V^ = F,. No position for maximum 
shear then requires wheel 2 to be at the section. 

The reactions at the left support are now obtained by 
dividing the moment i^" by the span. If the first wheel is off 
the girder the ordinate below the line B6 in Fig. 2 must be 
deducted from M^\ and the remainder divided by the span. 

Very few lines need to be drawn for any particular problem^ 
and it will be observed that these few are all on the tracing 
paper. The moment diagram may be used for other girders 
or trusses until wear interferes with its accuracy. The graph- 
ical method of determining position by means of a load line 
was first published by H. T. EDDY in Transactions American 
Society of Civil Engineers, 1890, Vol. XXII, pp. 259-358. 

Art. 32. The Track. 

The specifications fix the dimensions and spacing of the 
cross-ties and guard-rails to be used. In order to determine 
the unit stress in the cross-ties assume rails weighing 80 
pounds per yard, their height being 5 inches, the width of head 
2i inches and width of base 5 inches. Each driver transmits 
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a weight of 20000 pounds to the rail, which distributes it over 
more than one cross-tie, but the weight carried by each cross- 
tie cannot be accurately computed since the rail deflects 
slightly and the cross-tie also yields under the pressure as the 
load passes over it. It may be assumed that the maximum 
weight on each cross-tie is approximately one half of the load 
on one driver. The rails are 4' 8^" + 2^' = 4' 11" apart 
between centers, and the girders are 7 feet apart according to 
7 4 of the specifications. The cross-tie is then a beam bearing 
two concentrated loads, of 10 000 pounds each, 4' 11'' apart 
and equidistant from the center, its span being 7 feet. Since 
the cross-tie is notched f inch over the girder and the edge 
of this notch will be but a few inches distant from a vertical 
through the outer edge of the base of the rail, the effective 
depth will be taken at 9} inches. The unit stress in the outer 
fiber will be found to be 1095 pounds per square inch due to 
the wheel loads alone, the weight of the cross-tie and rails in- 
creasing this by less than 20 pounds. For southern yellow, 
pine timber, which is preferably employed for bridge cross-ties, 
this is below the safe value, usually taken at 1200 pounds. 

In order that the upper surfaces of the cross-ties shall be in 
the same horizontal plane it will be necessary to increase the 
depth of the notches, as additional cover plates are met in 
passing toward the middle of the girders. As the combined 
thickness of these cover plates at the center is not yet deter- 
mined the depth of cross-ties could not now be computed if it 
were to be based on the unit stress instead of being fixed by 
the specifications. In order to observe, however, the increase 
of stress due to deepening the notches, suppose that at the 
center the notches must be 2^ inches ; the unit stress will then 
be found to be 1675 pounds per square inch without consider- 
ing the weights of rails and cross-tie. If this be regarded as 
excessive all the cross-ties must be made 12 inches deep. 
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Art. 33. Loading. 

(See paragraphs iS-20, 22, 23, 25 and 26 of the Specifications in Art. 30.) 

Before determining the dead and wind loads it is well to 
fix the depth of the girder. Approximate theoretic investiga- 
tions as well as a comparison of complete designs show that 
the economic depth varies from one eighth to one twelfth of 
the span, the ratio decreasing as the span increases. As shown 
in Art. 10, increasing the depth for any given span reduces the 
weight of the flanges but at the same time increases the weight 
of the web and its stiffeners, and vice versa. Different specifi- 
cations will produce different economic depths for the same 
span and live load, while small variations from the economic 
depth do not materially affect the weight. In the present ex- 
ample the depth of web will be assumed as one eleventh of the 
span or 87 inches = 7 feet 3 inches, and after the design is 
completed the actual economic depth will be computed. 

To have some guide in assuming the dead load for one 
girder a preliminary estimate was made in which only the sec- 
tions of its principal members were roughly computed. The 
weight of the lateral systems was approximated by taking the 
corresponding known weight for a girder whose span differed 
very considerably from 80 feet and applying a correction. 
This estimate made the weight of one girder 43 400 pounds 
and that of one half of both lateral systems 3100 pounds. 
Hence the weight of both items is taken at 7.25/ pounds per 
linear foot, / being the length of the span in feet, and which 
gives 7.25 X 80 X 80 = 46400 pounds. The weight of the 
track (T 20) for one girder = i X 400 X 80 = 16000 pounds. 
The total dead load is then 

46 400 + 16 000 = 62 400 pounds. 

The pressure of the wind on the side of the train and of 
the girder and track will cause a transfer of load from the 
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wifidward to the leeward girder. The decrease of load in the 
windward girder and the equal increase of load in the leeward 
girder form a couple whose lever arm is the distance between 
the girders and whose moment is equal to the overturning 
moment of the wind, the horizontal axis of rotation being in 
the upper surface of the expansion rollers which support the 
girders. The center of pressure on the train is about 7 feet 
above the rails. The vertical distance from the top of the rail 
to the top of the rollers is equal to the sum of the following 
distances : height of rail, net depth of cross-tie, thickness of 
four cover plates, depth of web, thickness of one cover plate, 
and thickness of two sole, or bearing, plates. This distance is 
estimated to be 5" + 9^" + 2f " + 87" + }" + if" = 8' loj'', 
making the lever arm of the wind pressure on the train 
15' loj", or say 16 feet. Hence the overturning moment of 
the wind on the train transfers to the leeward girder a uni- 
formly distributed load of 

80 X 300 X 16 -f- 7 = 54 860 pounds. 

Paragraph 22 of the specifications does not refer to girders, 
but a reference to the succeeding sections indicates that the 
wind pressure is taken at 30 pounds per square foot of surface 
exposed. The average depth of the girder and track is esti- 
mated at 100 inches, the centre of pressure being about 51 
inches above the support. The overturning effect of the 
wind pressure on the girder therefore transfers to the leeward 
girder a uniform load of 

80 X -W- X 30 X li -f- 7 = 12 140 pounds. 

The total transfer of load due to the wind is thus seen to ex* 
ceed the dead load. 

Only the area of one girder and the side elevation of the 
track were considered above as exposed to the maximum wind 
pressure. Where the spacing of the girders is less than their 
depth and the floor system covers about 60 per cent of the 
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horizontal area included between its linrutsy as in the above ex- 
ample, the leeward girder may be regarded as almost entirely 
protected. When the depth is less than the spacing it will be 
better to assume that a portion of the surface of the leeward 
girder is also exposed to the wind pressure, such portion not 
to exceed about 50 per cent of the vertical projection of the 
girder. In some localities it may be advisable to extend this 
to the case of very deep girders. 

Art. 34. Sectional Area of Flange& 

(See paragraphs 29, 30, 31 c 31/ 32 and 35 of the Specifications in Art. 30 ) 

The maximum bending moment (^ 29) due to dead load is 

J X 62 400 X 80 = 624 000 pound-feet. 

Similarly, the moments due to the overturning efifect of the 
wind on the train and on the girder are respectively 548 600 
and 121 400 pound-feet. 

The wind pressure also causes a bending moment in the 
lateral systems of which the flanges form a part. In order to 
find the maximum stresses in the flanges due to this cause, it 
will be near enough to disregard the form of the lateral web- 
bing and to use the moment at the middle due to the wind 
pressure as a uniform load. Of the 100 inches average depth 
of girder and track, about 54 inches belong to the upper sys- 
tem and 46 to the lower. For the upper system the uniform 
load is 

(80 X 300) + (80 X ft X 30) = 34 800 pounds, 
and for the lower system 

80 X f f X 30 = 9200 pounds. 

The corresponding bending moments are 348 COO and 92 000 
pound-feet. The maximum live-load bending moment is 
2 045 000 pound-feet. (Art. 31.) 
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Before finding the flange stresses it is necessary to know 
the effective depth {^ 30), but as this is generally the distance 
between the centers of gravity of the flanges its exact value 
cannot be obtained until the section of the flange is designed. 
As the depth used must not exceed the distance out to out of 
flange angles, the depth of the web, which is 87 inches, will be 
taken, and probably the required distance will not differ much 
from this, since several cover plates will be required at the 
center of the girder. 

Reducing the several moments to pound-inches and divid- 
ing by 87 inches the following flange stresses are obtained : 

Dead load 86 070 pounds. 

Live load 282 070 " 

^ . „ - . , ( on train 75 670 " 

Overturnmg effect of wind -{ . , ^ 

** ( on girder 10 750 ** 

The flange stresses due to the moments in the lateral sys- 
tems are found in a similar manner, dividing, however, by 84 
inches instead of 87 inches. 

In upper lateral system 49 710 pounds. 

In lower lateral system 13 140 " 

It is now necessary to see whether the flange stresses due 
to the wind are to be taken into account in determining the 
area of the section (T 32). Since the compression flange of a 
plate girder is to have the same cross-section as the tension 
flange (1^ 3y). the stresses in the latter will be considered first. 
The maximum stresses due to wind aggregate 75 670 + 16 750 
4-13 140 = 105 560 pounds. The dead- and live-load stresses 
amount to 368 140 pounds, 25 per cent of which is 92035 
pounds, which being less than 105 560 pounds requires the 
wind stresses to be taken into account, the unit stress being 
increased 25 pei: cent. 

The unit stress {% ^ic) for medium steel is 9000 ( i -j -) 

^ max./ 
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pounds per square inch. The minimum stress is 86070 
— (16 750 + 13 140) = 56 180 pounds, and the maximum is 

86070 + 282 070 + 75 670 + 16 750 + 13 140 = 473 700 lbs. 

Then 

( . 56i8o\ 

which being increased by 25 per cent gives a unit stress of 
12 580 pounds per square inch. The area of the flange section 
is therefore 473 700 H- 12 580 = 37.65 square inches. 

Art. 35. > Composition of the Flanges. 

(See paragraphs 30, 31 j\ 35, 82, 85, 86 and 92 of the Specifications in Art. 30 > 

The area of 37.65 square inches found in the preceding 
article is the net section of the flange in tension, ^ 35 requiring 
that the web shall not be considered as sustaining any part of 
the bending moment. Paragraph 3 ly states that the compres- 
sion flange shall have the same cross-section as the tension 
flange. The flange is usually composed of two angles and one 
or more cover plates. Before selecting these parts of suitable 
size, let ^^ 82 and 36 be consulted to see what deductions 
must be made for rivet holes. Seven-eighth-inch rivets will be 
used (^ 67), hence each rivet hole to be-Kleducted is to be taken 
as one inch in diameter. 

Where the area is so large it is desirable to use large angles. 
Double rows of rivets will be required in both legs of the angles. 
The 6 X 6 X J inch angle is the largest manufactured (Pocket 
Companion, page 38), but the 6 X 6 X i inch angle has a 
finishing pass and will be selected. 

As the Pocket Companion (see page 48) does not give 
the position of the pitch lines in angles for double rows of 
rivets, the Pencoyd standard will be followed in this particular 
(see Art. 15). The same standard will be used hereafter with- 
out further reference, since it makes a distinction between 
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angles used as flanges and as braces. The maximum allowable 
size of rivet will, however, be taken from the table in the 
Pocket Companion. 

Fig. 26 shows the standard position of the pitch lines for 
this size angle in flanges, while Fig. 27 shows a longitudinal 
section at mid-thickness of this angle when ^^ 
flattened out, a being 2.25 inches and b 4.15 ij^^ * 
inches. Paragraph 82 requires that only two .i. .. 
rivet hole3 shall be deducted from the gross "j^p^ j » 
section of each angle, unless the sum of the net -^-' ^^^^^^^' i ^^^ ' ^^^ ; m ^ 

distances e-^-f-^-e exceeds c X d by less than k ■•--(^'- m 

25 per cent. The pitch of the rivets cannot now Fig. 26. 
be determined, and must therefore be assumed, subject to later 
revision if necessary. The maximum allowable pitch referred 
to in ^ 86 refers to th^ longitudinal distance between successive 
rivets whether in the same or in adjacent rows, so that if^there 
are two rows of rivets in each leg of the angles the maximuni 
allowable distance between successive rivets in the same row 
is 8 inches. As the flanges will require to be spliced near the 
middle of the girder and the length of the splice is directly pro- 
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portional to the rivet pitch, it will be assumed that the maxi- 
mum pitch in each row does not exceed 6 inches. The dis- 
tance c =:a= 2.25 inches, d= 5.40 inches, and for a pitch of 
6 inches e is found to be 275 and /to be 4.12 inches. Since 
275 4- 4.12 + 2.75 = 9.62 and (2.25 + 540)1.25 = 9.56, only 
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two rivet holes need to be deducted from the sectional area of 
each angle. 

Fig. 28 shows a piece of a cover plate, and in this case ^ 82 
requires that e -\- e shall be 25 per cent greater than r-j-r. 
As c and e have the same values as in Fig. 27 the excess is 
found to be less than 25 per cent. The equivalent distance 
square across when e =■ 2.75 inches is 80 per cent of this dis- 
tance, or 2.20 inches, and for ^ -|- ^ is 4.40 inches, which sub- 
tracted from c-^-c = 4.^0 inches gives o.io inch; therefore 
to obtain the net section of the cover plates 2.1 rivet holes 
must be deducted when the rivet pitch is 6 inches. 

The next step is to consider the width of the cover plates. 
The first paragraph in ^ 92 seems to refer to flanges having 
only one row of rivets in the angles, since it is not customary 
to put an extra row outside of the angles unless the plates 
extend at least 3 inches beyond them. Since plates over 17 
inches wide require three rows of rivets on each side such a 
width will be avoided unless more than three cover plates of 
practicable thickness would be required. In shorter ^lans 
the thickness of wrought-iron cover plates is usually limited 
to one-half inch on account of punching, but in this case 
(TT 109, 110) these limitations do not apply, and T" Iii allows 
metal outside of the flanges to be punched up to a thickness 
of yV inch. A width of 16 inches will therefore be selected 
for the plates, this width requiring two rows of rivets on each 
side and extending less than 2 inches beyond the angles. 

The following composition of the flange section will fur- 
nish the required area (Pocket Companion, pages 106, 192) : 

2 angles, 6"x6"xf ", 2(8.44 - i-So) = 13.88 sq. in. 

1 cover plate, i6''Xt''» (16.00 — 2.io)f = 8.69 

2 coter plates, i6"XtV''» 2(16.00 — 2.10)^,^ = 15.64 

Total net section = 38.21 sq. in. 
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The effective depth {^ 30) can now be computed and 
compared with the value assumed. In the following compu- 
tations the plane of reference is in each case the plane of the 
horizontal backs of the flange angles. In Pocket Companion, 
page 105, the distance of the center of gravity of a 6 X 6 inch 
angle from its back is given as 1.66 inches for a thickness of 
y\ inch and 1.82 inches for a thickness of f .inch, and by inter- 
polation, which is sufficiently precise, the value for a thickness 
■of f inch is 1.77 inches. For the gross area of the upper 
flange section : 

2 angles, 6"x6"xJ'', 16.88 X 1.77 = 29.88 

1 plate, i6"xt", 10.00 

2 plates, i6"xW', 18.00—28.00 X a875 = 24.50 

44.88 sq. in. 5.38 

The center of gravity of the upper flange is therefore 5.38 -i- 
44.88 = 0.12 inch below the backs of the angles. For the 
net lower flange section : 

2 angles, 6"x6''xf", 16.88 X 1.77 = 29.88 

, , ^475 + 2.5 + 2 X o.375\ 

Less 4 rivet holes, 3.00^ ^ ^ ^ — l-L—Sl — £L£j — g.oo 



13.88 sq. in. 23.88 

1 plate, (i6"-2.i'')t" 

2 pl.,2(i6''-«2.r')A"— 24.33 X 0.875 = 21.29 

38.21 sq. in. 2.59 

The center of gravity of the lower flange is 2.59 -*- 38.21 = 0.07 
inch above the backs of the angles. In the preceding computa- 
tion the moment of the area of four rivet holes in one angle and 
located in two sections 3 inches apart was deducted instead 
of the moment for the rivet holes in both angles and lying 
in the same section. If the latter method had been adopted 
the result would have been 0.03 and an inch for the two 
successive sections. The preceding value is the mean of these 



94 DESIGN OF A PLATE-GIRDER BRIDGE. CHAP. V* 

two. As the actual sections of these various shapes are sub- 
ject to a slight variation and their surfaces canaot be brought 
into mathematical contact the effective depth is computed 
only to the nearest tenth of an inch. In this example the 
depth equals 87.0 — (0.12 -{-0.07) = 86.8 inches, provided the 
horizontal backs of the angles are placed even with the edges 
of the web. Using this value of the effective depth the 
revised stresses are 

Dead load 86 270 pounds 

Live load ; 282 720 " 

Overturnmg effect of wind -J . , t ^ 

^ \ on girder 16 780 " 

while those in the lateral system remained unchanged. The 
maximum- stress is 474750 and the minimum 56350 pounds* 
The unit stress is 12 590 pounds per square inch, and the 
revised area of the flange section 474750-7-12590 = 37.71 
square inches, which shows that the section chosen needs no 
revision. 

By comparing the final value of the area with the pro- 
visional value the student may gain some idea as to the rela- 
tive effect of small changes in the effective depth or in other 
items affecting it, and thus learn what degrees of precision are 
required in the various computations. 

In some cases it may be advantageous to consider T 85 
before fixing the effective depth. 

Art. 36. Web Section. 

(See paragraphs 31/, 35, 42 and 76 of the Specifications in Art 30,) 

The live-load vertical shears as given in Art. 31 are laid off 
as ordinates in Fig. 29 above the axis AB, giving the curve FG^ 
to show the variation in shear from the support to the middle 
of the girder. The shear due to the dead load and the over- 



Art. 36. 



WEB SECTION. 



95 



turning effect of the wind on the train and girder is (62 400 -|-- 
54 860 + 12 140) -^ 2 = 64 700 pounds. (Art. J3.) 

Assume for convenience that the greatest shear due to the 
overturning effect of the wind on the moving train decreases 




Fig. 29. 

uniformly to zero at the middle of the girder similarly to the 
dead load ; then F'B is the shear line for these loads if AF' 
is laid off equal to 64700 pounds. The maximum shears at 
the successive sections are then as follows: at o', 183700; at 
5', 162200; at 10', 141 100; at 15', 120400; at 20', 101200; 
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at 25', 83 200 ; at 30', 66 300 ; at 35', 49 900 ; and at 40', 35 100 
"^ pounds. 

The web of a plate girder consists of one or more plates 
stiffened, at intervals not exceeding the depth of the girder, by 
means of angle irons riveted to it. Generally the thickness of 
these plates is uniform throughout, but sometimes the heavy 
shear towards the ends is provided for by increasing their 
thickness, or by re-inforcing the web by additional plates. 

The web is to be proportioned to take the entire vertical 
shear (T[ 35), the unit stress being 6000 pounds per square 
inch (T 31 /). At the support this will require a net section of 
183 700 -=- 6000 = 30.62 square inches. According to ^ 42 
no plate is to be less than f " thick, and web plates are rarely 
made to exceed J" in thickness. Since rivet holes in the web 
are punched ^ *"ch in diameter (T 71), if the latter thickness 
be chosen it will have a gross section of 87 X i = 43.5 square 
inches and will allow 27 rivets to be placed in the same verti- 
cal row in the stifleners at the inner end of the bearing plate, 
which will barely be sufficient. 

At S feet from' the support the maximum shear requires 
a net section of 162 200 -4- 6000 = 27.03 square inches. If 
the web be taken f " thick the gross section will have an area 
of 87 X f = 32.62 and will allow 15 rivets in a vertical row at 
that section (^|" 36). By using a |" re-inforcing plate on each 
side of the web extending from the end to a short distance 
beyond the 5' section, and if not more than 15 rivets, includ- 
ing the flange rivets in the web, be placed in the same row 
^long the vertical edge of these re-inforcing plates, the con- 
ditions will be met. This arrangement will be adopted. 

In Chaps. XII and XVIII will be found discussions and 
designs of plate-girder spans for railroad bridges, to which the 
student may refer for comparison. 
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Art. 37. Web Splices. 

(Sec paragraphs 35, 46, 77, 78, 84 and 113 of the Specifications in Art. 3.0.) 

The practicable length of the web sheets (T 46) depends 
not only on the maximum sizes of sheets manufactured, but 
also on the available facilities in the shops for handling them 
in the manufacture of girders. The location of the sections 
where the shears are found is governed by the length of sheets. 
The web will be spliced, in this example, at the end of each 
alternate 5-foot division. The thickness of the splice plate, 
one on each side, is the same as that of the web (Tf 78), or 
f inches. 

At least four rows of rivets will be required (T" 113) in the 
splice plates, and they must be wide enough to receive the 
stiffeners. If the plates be taken 14 inches wide and each 
outer row of rivets placed if inches from the edge, the dis- 
tance from an inner to an outer row will be 2} inches, since 
the inner rows must be 5 inches apart (T 113). If the smaller 
leg of the stiffeners be 3^ inches the clearance between the 
edge of the stiffener and the rivet heads of the outer row is 
2.75 — 1.75 — i('«44) = 0-28 inch, since the diameter of the 
rivet head is i-j^ inches (Art. 14) and the distance of the pitch 
line from the edge of the stiflener is 1} inches (Art. 15). 
This clearance is sufficient. 

In order to find how many rivets are required in the 
splices, let the strength of a rivet be determined (T 36). The 
area of cross-section of a |-inch rivet is 0.6013 square inch 
(Pocket Companion, page 203). The unit shearing stress of 
soft-steel rivets {^ 1 14) is 6600 pounds per square inch {^ 31 /). 
The strength is then 

in single shear, a6oi3 X 6600 = 3970 pounds, 
and in double shear, 2 X 3970 ±= 7940 pounds. 
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The bearing area of the same rivet in a f-inch web plate is 
•| X t = 0.3281 square inch and the unit stress is 13200 
pounds {^ 31 m), making the 

bearing strength = 0.3281 X 13 200 = 4330 pounds. 

As the rivets in the web splices are in double shear their 
strength depends on the bearing value. At 10 feet from the 
support the splice requires 141 100 -=- 4330 = 32.6 rivets in 
each web sheet for shearing alone, and if the rivets in the 
flanges are excluded this would require a pitch of 4.6 inches 
with the rivets in double rows. The following number of 
rivets would be required in each half of the remaining splices : 
at 20 feet, 23.4 ; at 30 feet, 15.3 ; and at 40 feet, 8.1. 

Let an inves'jgation now be made to determine what 
number of rivets would be required in order to make the 
splice as strong as the net section of the web, but before 
doing so it may be well to review some elementary principles. 

According to the theory of stresses in beams, as developed 
in Mechanics of Materials, if the web of a plate girder is con- 
tinuous the flanges receive their stresses by increments from 
the web through the flange rivets, these increments being 
largest at the end and steadily decreasing toward the middle, 
while the total flange stress reaches its maximum at or near 
the middle under the combined influence of fixed and moving 
loads. As the web is riveted to the flange and must elongate 
or shorten with it, it is evident that the web carries a part of 
the moment. This part is approximately equal to the flange 
unit stress multiplied by one sixth of the net area of the web, 
or about one eighth of its gross area. 

Now suppose that the web be spliced on the left of the 
middle and that the rivet holes in the web splice are elongated 
horizontally so as to allow the web to freely change its length. 
The entire bending moment at the splice is now held in 
equilibrium by the resisting moment of the flange stress, or in 



Art. 37. WEB SPLICES. 99 

other words the flange may be said to carry the entire moment. 
If on the right-hand side of the splice a portion of the web and 
the flange were not riveted together the lower flange would 
elongate under its stress, while the free web would keep its 
length unchanged, but when they are riveted together the 
rivets cause some of the flange stress to be transferred back to 
the web in their effort to equalize the extension of the adjacent 
iibers in the flange angles and web. As a result of this action 
^ome of the rivets near the splice will be overstrained. The 
farther the section is from the middle of the girder the greater 
-will be this overstraining effect. 

Let the splice with the elongated holes now be replaced 
l>y a regular splice containing only the number of rivets 
required for shearing as computed above. That portion of 
the direct tension which before was transferred by the flange 
rivets to the flange on the left of the splice and then trans- 
ferred back on the right will now have some of it passing 
•directly through the rivets in the splice and so overstraining 
them, or to state it differently the rivets in the splice will 
"partly relieve the overstrained flange rivets on both sides of 
the splice by sharing with them this condition. Just what 
•exact amount of stress each. set of rivets carries it may not 
be possible to compute, but it is clear that more rivets will be 
required than the number computed under the supposition 
that the entire vertical shear is taken by the web alone. 

The true stress in the rivets in any web splice is the resultant 
of the stress due to the vertical shear and that due to the part 
of the bending moment resisted by the web. As the shear at 
^he center is nearly if not quite zero when the bending moment 
is a maximum, if the number of rivets be computed so as to be 
equally as strong as the net section of the web under flexure 
and the same number of rivets be placed in all the other 
splices the result will be on the side of safety, and one sixth of 
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the net area of the web may also be considered as flange area. 
If, however, as in the specifications governing this design (^ 35), 
the flanges shall be proportioned to resist the entire bending 
moment, then the safe number of riv«ts in the web splices will 
be intermediate between that depending on shear alone and 
that obtained by the method just described. The computation 
referred to above will now be made. Assuming a pitch of 
3 inches, the rivets in the outer row of the spliced web sheet 
are at the following distances in inches from the neutral axis : 
o, 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33, 36, and 38.75, the last 
distance referring to the rivet in the flange angle. In the next 
row the distances are- as follows: 1.5, 4.5, 7.5, 10.5, 13.5, 16.5,. 
19.5, 22.5, 25.5, 28.5, 32.25, 36, and 41, the last one being a 
flange rivet. If the outer rivet at a distance of 41 inches from 
the neutral axis is allowed to take a stress of 4330 pounds (as 
explained above), the stress in the rivet at the distance of ^ is 
(4330J -7- 41) pounds, and its moment about the neutral axis 
is (433oy -T- 41) pound-inches. For all the rivets in one 
row, both above and below the neutral axis, the moment is 

433 ^yi^ Substituting the squares of the above distances / 

(Pocket Companion, page 250) and adding them, the following 
results are obtained for the two rows of rivets : 

2 X ^^ X 7351.6 = I 552 800 pound-inches. 

2 X ^^^ X 7009.6 = I 480 600 
41 

3 033 400 
The specifications do not give a unit stress for the web in 
tension, but as the shear given is 6000 the tensile strength 
will be taken at 9000 pounds. The holes in the web splices 
are punched (T[ in), while those in the flange are drilled 
(^ 1 10), and hence the unit stress should be less than for the 
flange. 
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The resisting moment of the solid web is 

9000 XiX|X87X87 = 4 257 600 pound-inches, 

and the value of the net section will be most conveniently ob- 
tained by deducting the moment due to the rivet holes. The 
deduction for a rivet hole at the distance of the outer fibre 
from the neutral axis is 9000 X i X f = 3SOO pounds, and 
for the entire second row of rivet holes whose distances are 
given above the moment is 

3500 
2 X ^^ — X 7009.6 = I 128000 pound-inches, 
43-5 

leaving the resisting moment of the net section 3 129600 
pound-inches. It is seen therefore that the two rows of rivets 
(27 in the first and 26 in the second) have a strength equal to 
97 per cent of the strength of the net section of the web. If, 
however, the rivets at 36 inches from the neutral axis may take 
a stress of 4330 and the flange rivets be excluded the moment 
becomes 2689000 pound-inches, or 86 per cent of the web*s 
strength. These values might be increased by reducing the 
pitch of the rivets to 2^ inches, or even to 2f (T[ 47) if neces- 
sary. It may be of interest to notice that one sixth of the net 
area of the web considered as a part of the flange would give 
a moment of 

i X 1(87 — 26)9000 X 86.8 = 2 978 300 pound-inches, 

which differs but little from the previous determination. 

For rivets bearing on a f-inch web the maximum shear at 
the support would require 183 700 -=- 4330= 42.4 rivets. 

If then the arrangement of rivets given above be adopted in 
the present design, the flange rivets will not be appreciably 
overstrained on account of unequal strains in the flange angles 
and web at the centre of the girder, and probably not at any • 
other section. 

It only remains to see what number of rivet holes the web 
section will allow to be taken out at the lo-foot section. The 
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net area required is 141 100 -f- 6000 = 23.52 ; gross area 32.62; 
and difference 9.10 square inches; and rivets allowed 9.10 
-5- 0.375 ==■ 24.3 (T 31 /, 36). As in the inner rpw of rivets for 
the web sheet 24 rivet holes are in the same line and the rivets 
in the flange stagger with these, the arrangement will barely 
pass. 

Art. 38. Web Stiffeners. 

(See paragraphs 42, 78, 79, 80, Si, 83, 84 and q8 of the 

Specificaiions in Art. 30.) 

At any point of the web there exist compressive and tensile 
stresses at right angles to each other, whose intensities are 
equal to that of the vertical and horizontal shear at that point. 
The lines of maximum compressive and tensile stress cross each 
other at right angles at the neutral surface and make angles of 
45 degrees with that surface. The compressive stresses tend 
to buckle the web plate, while the tensile stresses aid the web 
to resist buckling. It seems to be impossible to determine 
theoretically what size angles are needed as stiffeners ; various 
assumptions are accordingly made in order to get some indica- 
tion of what may be considered safe. The specifications state 
in IT 79 at what depth of girder stiffeners are regarded as 
necessary. 

As the distance from the front of the vertical leg of a flange 
angle to the edge of its horizontal leg is 5J inches, let 5 X 3i 
inch angles be adopted as stiffeners. The dimension of 3i 
inches was referred to in the preceding Article in considering 
stiffeners as related to the width of the splice plates. Where 
there are no splice plates, two 3i X f inch fillers will be placed 
under each stiffener in order to avoid bending the stiffeners 
over the flange angles (1 81). Where there are splice plates 
or re-inforcing webs only half as many fillers are required. 

If the angles and fillers be regarded as a column with the 
shear as a load it is found that a thickness of -^ inch (T ill) 
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for the angles would enable them to. sustain over 75 per cent 
of the shear at the 5-foot section, and that a thickness of f inch 
would enable them to support the entire shear at the 2ofoot 
section. At the 5-foot section the re-enforcing plates aflford 
greater stiffness than if only a filler 3J inches wide were used. 
The same is true in a lesser degree at the web splices. While 
these computations do not completely solve the problem it may 
be safely assumed that these stifTeners aiTord ample protection 
against buckling at the sections named. The following thick- 
nesses of angles will then be chosen : At 5', ^" ; at lo', i" ; at 
15', j\" ; at 20', 25', 30', 35' and 40', f". The column formula 
employed in the computations leading to the results stated 

above was that given in the specifications for the intermediate 

/ . min. \ ^ I ... 
posts of trusses, viz. 9000 1 1 + J — 48- , which gave a 

unit stress of 8740 pounds for the angles one-half inch thick 
and their fillers. The radius of gyration was 2.38, varying 
about 0.07 for each change of ^ inch in the thickness of the 
angles (Pocket Companion, page 103). 

Making a similar computation for the end of the girder, 
U!9ingtJt^e reaction as a load, but disregarding the fillers, it is 
f ou nd that six angles j\ inch thick would give the necessary area. 
If there were no re-inforcing webs two would be placed at the 
outer end of the sole plate and four at the inner end, since the 
deflection of the girder causes the pressure on the inner end of 
the support to be greater than that at the other. In view of 
the fact that there are two re-inforcing web plates only four 
angles will be used, two at each end of the bearing plate {^ 80), 
their thickness being i inch. The main web as well as the 
re-inforcing webs should be finished so as to take bearing. 

If the entire reaction were transmitted from the angles to 
the web through the connecting rivets it would require 
183 700 -r- 7940 = 23.1 rivets, the double shear being less than 
the bearing in three webs of f inch each. As the pitch of the 
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rivets in the stiffeners at the splices has been fixed at 3 inches 
the same pitch will be used throughout. This facilitates 
shop work and gives a sufficient number of rivets for all the 
stiffeners. 

The end cover plate (Tf 98) will be attached by two rows of 
rivets to eg,ch end angle, the pitch in each row being 6 inche*; 
and the rivets staggered in adjacent rows. The rivets also 
stagger with those uniting the stiffeners to the web of the 
girder. 

Art. 39. Rivet Spacing in Flanges. 

(See paragraphs 83 and 86 of ihe Specifications in Art. 30.) 

The rivets uniting the web to the upper flange of a girder 
between two given sections have two duties to perform : first, 
to transfer whatever load rests on this division from the 
flanges, which directly receive it, to the web ; second, to 
transfer from the web to the flanges the increment of flange 
stress between these sections. The required number of rivets 
must then be such as to safely transfer these stresses when 
their resultant is a maximum. The second factor in this 
maximum is considerably greater than the first except at the 
middle of the girder, and there the maximum allowable pitch 
usually requires a larger number of rivets than is theoretically 
needed. The maximum difference of flange stress in any two 
sections occurs when their difference of bending moment is a 
maximum, provided the effective depth remains the same. 
The variation in the effective depth, due to the added cover 
plates, is usually very small, being about two per cent in the 
girder under consideration. If the sections are at a distance 
apart equal to dx the difference of moments (rfJ/) is a maxi- 
mum when the load is so placed as to cause the vertical shear 
(F) to be a maximum, since from mechanics dAf=z Vdx. 
When the distance between the sections is greater than dx the 
difference of moments is a maximum when the loads are so 
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I^ced*-that the vertical shear is a maximum in the section 
nearer the middle of the span, and this holds true for uniform 
loads until the sections are separated a distance somewhat less 
than the half span. As the sections are not taken farther 
apart than the depth, which even in short spans is generally 
less than one eighth of the span, the exact value of the limit- 
ing distance referred to need not be determined. 

As it is custoniary to make the rivet spacing the same in 
the upper and lower flanges to facilitate shop work, the spac- 
ing is determined by the flange requiring the larger number of 
rivets. (See Chap. XL) 

When the lateral bracing is directly attached to the flange 
of a deck girder the greatest stress in the flange rivets occurs 
in the upper flange of the leeward girder, but when the lateral 
bracing is attached to the web adjacent to the flanges, then 
the greatest number of rivets required may be theoretically 
in any flange except the lower flange of the windward girder, 
depending upon the relative values of the flange stresses of 
the upper lateral system to those produced by the overturning 
moment of the wind. Both of these conditions will now be 
considered. 

In the first case the flange stress of the lateral system does 
not need to be taken into account. The simultaneous moments 
in pairs of sections when the live load is placed as indicated 
abave, aa.well as their diflferences, are given in Art. 31. The 
moments are laid off as ordinates in Fig. 29, each pair being 
joined by a straight line ; their differences are laid off in Fig. 
30 as ordinates above the axis AB at the middle of each 
division of the girder. By considering the overturning effect 
of the wind on the train as a uniform load covering the entire 
girder the bending moments due to all loads other than the 
live load will form the ordinates to a parabola whose vertex is 
at.-f in Fig. 29 and whose ordinate BE'' at the middle of 
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the girder is equal to 624000+ 548600+ 121 400= i 294 coo 
pound-feet (Art.* 34). If CD' in Fig. 30 be laid off equal to 
the ordinate at the 5-foot section in Fig. 29, and a right line be 
drawn from D' to By the middle of the girder, the ordinates 




Fig. 30. 

to this line will equal the differences between the adjacent 
ordinates (5 feet apart) of the parabola. The value of CD' is 
readily computed to be i 294 000 — i 294 ooo(i)' = 303 000 
pounds. If CD" be laid off equal to CD' it is seen that D" B is 
almost parallel to DE. This shows that the error involved in 
assuming the effect of the wind on the train, as a uniform 
load covering the entire girder, while the train really occupies 
different positions for maximum shear in the successive sec- 
tions, is comparatively very small. 

The total differences of moments in the pairs of sections 
are given in the table opposite. 

In order to reduce the differences of moments to differences 
of flange stresses it is necessary to divide them by the effective 
depth in each division, but this depends on the number of 
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Division of 
Girder. 

1 

1 


Difference' 

of 
Moments. 


Rffeciive 
Depth. 


Difference 
of Flange 
Stresses. 


No. of Rivets 

for 

Hor. Comp. 

of Stress. 


No.of Rivets 

for 

Vert. Comp. 

of Stress. 


Total 
Number 
of Rivits. 


1 


Pound -feet. 


Inches. 


Pounds. 








o'-5' 


833000 


85.1 


117 460 


27.2 


2.9 


30.1 


5-10' 


728 000 


85.1 


102 660 


23.7 


2.9 


26.6 


10-15' 


628 000 


85.1 


88560 


20.5 


2.9 


23.4 


15-20' 


527 000 


86.0 


73 530 


17.0 


2.9 


19.9 


20'-35' 


436000 


86.8 


60 280 


13.9 


a.9 


16.8 


25 '-30' 


351 000 


86.8 


48530 


II. 2 


2.9 


14. 1 


30-35' 


271 000 


86.8 


37470 


8.7 


2.9 


II. 6 


35 -40' 


185 000 


86.8 


25 580 


5.9 


2.9 


8.8 



cover plates, and hence the length of the cover plates must be 
determined at least approximately. The maximum ordinate 
in Fig. 29 corresponds to an area of 37.71 square inches (end 
of Art. 35). If the pitch were 6 inches the area for the angles 
and the first cover plate would be 22.57, ^^^ f^^ the angles 
and two cover plates 30.39 square inches, as given in Art. 35. 
By a simple graphical operation the lengths of the ordinates 
in Fig. 29 corresponding to these areas are readily obtained. 
The position of the shorter ordinate is found to be a little on 
the left of the is-foot section, but as the pitch there will be 
less than 6 inches the second cover plate will probably extend 
almost to the lo-foot section. The longer ordinate is found 
to be on the right of, and near to, the 20-foot section. The 
first cover plate is to extend to the end {^ 90). The effective 
depths are 85.0, 86.0 and 86.8 inches for the one, two and 
three cover plates respectively when the pitch is taken as 6 
inches, but as the pitch toward the end of the girder will be 
less than 6 inches the depth of 85.0 is replaced by 85.1 inches. 
The third column of the table shows the depths used. 

After dividing the differences of flange stresses by 4330 
pounds (the strength of one rivet in bearing on the f-inch web 
(T Sim) ) the quantities in the succeeding column are obtained. 



log DESIGN OF A PLATE-GIRDER BRIDGE. ChAP. V. 

Now when the live load is in the position producing the max- 
imum difference of flange stress in a division the first driver is 
at its right-hand end, the pilot being in the preceding division 
(Art. 31). Assume one half of the driver as being on the divi 
sion. The weight of 5 feet of track for one girder is 5 X 200 = 
1000 pounds. The transfer of live load from the windward to 
the leeward rail by the overturning effect of the wind on the 
train for a five-foot division is 300 x 5 X 7 -?- 7 = 1 500 pounds. 
The total load is then 10 000 + 1000 + 1500 = 12 500 pounds. 
If all of this load or the larger part of it. were distributed over 
the division the proper method of finding the maximum stress 
on the rivets would be to find the resultant whose horizontal 
component is the increment of flange stress and whose vertical 
component is this load, but as most of this load is concen- 
trated on a very narrow limit at one end of the division the 
number of rivets due to each component will be added. The 
number of rivets for the vertical component is 12 500 -=- 4330 = 
2.9. The total number of rivets in each division is given in 
the last column of the table. 

In the second case where the lateral bracing is attached 
to the web alongside of the flange the flange stresses of the 
lateral systems must be included in the computation. The 
equivalent bending moment of the upper lateral system when 
reduced to the same depth as the girder is 348 000 X 86.8 -7- 84 
= 359600 pound-feet, and that for the lower system is 92 000 
X 86*8 -j- 84 = 95 loa The moment at the, center, due to all 
loads but the live load, for the upper flange of the leeward 
girder is 624000 + 548 600 + 121 400 — 359600 = 934400 
pound-feet, and for the lower flange of the leeward girder is 
624000+ 548 600 +121 400 + 95 100 = I 389 100 pound-feet. 
The table on the next page shows the resulting stresses. 

After dividing the differences of stresses by 4330 the 
numbers obtained for the upper flange are increased by 2.9 as 
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Upper Flange. 


Lower Flange. 


Division 
of Girder. 


Difference 
of Moments. 


Difference 
of Flange 
Stresses. * 


Difference 
of Moments. 


Difference 
of Flange 
Stresses. 


o'-5' 
5'-io' 

io'-i5' 
15-20' 

20-23' 

25'-3o' 

30-35' 
35-40' 


749000 
654 800 
565 600 
476 400 
397 200 
323 000 
253 800 
179 600 


105 620 
92 330 
79760 
66470 
54910 
44650 
35090 
24 830 


855 600 
747 200 
643 800 
540300 
446 900 
358 500 
275 100 
186 700 


120 650 

105 360 

90 780 

75 390 
61 780 

49 560 
38030 
25 810 



tefore, while those for the lower flange are left unchanged. 
The results, together with those in the first case, are inserted in 
the following table : 



Division 
of Girder. 


Case I. 

Upper 
Flange. 


Case 9. 

Flange. 


Case 9. 
Lower 
Flange. 


No. of 
Rivets re- 
quired by 

^83. 


Number 
UKed in 
Design. 


0-5' 
5'-io' 

10'- 1 5' 

15-20' 

20-25' 

25-30' 

3o'-35' 
35'-4o' 


30.1 
26.6 

23.4 
19.9 

16.8 

14. 1 

II. 6 

8.8 


27-3 
24.2 

21.3 

18.3 

15-6 

13 2 

II. 

8.6 


27.9 

243 
21.0 

17.4 
14.3 

11.5 

8.8 

6.0 


293 

25.8 

22.5 
19.2 
16. 1 

133 
10.6 

7.9 


28 + 5 
29 

29 
20 

20 

20 

20 

20 



In both cases the number of rivets shown in the table is 
not the real maximum for one or perhaps two divisions near 
the middle of the girder, since the maximum load on a division 
is 20 000 -|- 1000 -|- 1 500 = 22 500 pounds, which alone requires 
5.2 rivets. Under this load the difference of flange stresses is 
considerably reduced. 
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The fifth column of the above table gives the number of 
flange rivets required in each division in accordance with ^ 83 
of the specifications, the depth employed being tlie depth of 
the web, or 87 inches. If, instead of this depth, 82 inches or 
the distance between the outer row of flange rivets were 
employed the results would be 31. i, 27.4, 23.9, 20.4, 17.1, 14.1, 
1 1.2 and 8.4. The last column shows the number actually 
used. A rivet pitch of 4 inches gives 28 rivets in the first 
division and 5 rivets on the left of the o' section which are 
really available for this division. As it is desirable to have 
but few changes in pitch the 4-inch pitch is continued to the 
15-foot section, then changed to 6 inches, and this continued 
to the middle. The requirement of Tf 86 has already been 
alluded to in Art. 35 as referring to successive flange rivets, 
whether they are in the same or in adjacent rows. 

The theoretic number of rivets required to connect the 
flange angles with the cover plates may be obtained by com- 
puting the horizontal shear between these parts of the flange. 
It is seen therefore that in passing from the inner to the outer 
cover plate a decreasing number of rivets is required. In 
order, however, that the net section in tension may not be 
reduced too much these rivets are staggered with those con- 
necting the flange angles to the web. It is also cheaper 
usually to make a considerable increase in the number of 
rivets than to construct an additional pattern for the spacing. 

Art. 40. Lengths of Cover Plates. 

(Sec paragraphs 90 and 91 of the Specifications in Art. 30.) 

In the preceding Article the rivet pitch in the flanges was 
determined, the pitch being 4 inches from the end to the 
fifteen-foot section, and 6 inches from there to the middle of 
the girder. 

According to Tf 82 the net section for a pitch of 4 inches 
requires 3.55 rivet holes to be deducted from the gross section 
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of each angle and 3.28 rivet holes from plates, for in Fig. 27^ 
^+/+ e = 2.01 + 3.61 + 2.01 = 7.63, and in Fig. 28, 2^ = a 
'X 2.01 = 4.02. The remainder of the computation is similar 
to that in Art. 35. Hence the net section is composed of 

2 angles, 6 X 6 X f , 2(8.44 — 2.66) = i L56 sq. in. 
I plate, 16 X i (16 — 3.28)1 = 7.95 

19.51 

The center of gravity of the net section from the horizontal 
backs of the angles is next obtained : 

2 angles, 6 X 6 X |, 16.88 X 1.77 = 29.88 

Less 7.1 rivet holes, 5.32(^:75+^:5+^ .>ioJ75J ^ j^ g^ 

11.56 19.24 

I plate (16 — 3-28)1 7.9S X A = 2.48 

19.5 I sq. in. 16.76 

This distance is then 16.76 -rr 19.51 = 0.86 inches. The 
corresponding distance of the center of gravity of the gross 
section is found to be i.oo inch. The effective depth is hence 
87.0 — (1.0 + 0.9) = 85.1 hiches. The unit stress is 12590 
pounds (Art. 34). 

The bending moment corresponding to the above net 
section is 19.51 X 12 590 X 85.1 -=-12=1 741 900 pound-feet. 
To find the location of this moment, the live-load bending 
moments given in Art. 31 are laid off as ordinates in Fig. 29, 
giving the curve ACDE for the left half of the girder. The 
corresponding moment curve lot all the other loads is the 
parabola ACD'E', BE' being equal to 1 389 100 pound-feet. 
The ordinate which measures off i 741 900 pound-feet is now 
found at the distance of 28.7 feet from the middle. 

The net section of the angles and two cover plates is 
30.39 sq. in., the effective depth 86.0 inches, and the cor- 
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responding bending moment 2 742 000 pound-feet, which ordi- 
nate is located at 18.45 ^^^^ from the middle. Each plate 
will be extended beyond its theoretical limit so as to receive 
four additional rivets (T" 91), thus placing the end of the second 
cover plate at 29 feet 6^ inches and the third at 19 feet 
7 inches from the center. The first plate {^ inch thick) 
extends to the end of the girder (Tf 90). 

It has been customary to reduce the pitch of the rivets at 
the end of cover plates. If this were done in the case of the 
third plate it would reduce the net section of the entire flange 
at that point and require (T^ 82) the extension of the third 
plate considerably farther. No such reduction in pitch should 
be made and these specifications (^ 91) indicate that the 
*' regular pitch " shall be maintained. 

Art. 41. Flange Splices. 

(See paragraphs 46, 93, 94 and 95 of the Specifications in Art. 30). 

The angles and covers should be as long as practicable 
(T" 46) to reduce splices to a minimum. The first cover plate 
will be spliced at the middle of the girder and the others made 
continuous. One angle will be spliced a few feet on the left, 
and the other on the. right, of the middle (^ 95). 

The splice plate for the first cover plate will be an outside 
cover, which having to transmit the full strength of the f-inch 
plate must have the same thickness. The stress is (16 — 2.i)f 
X 12 590 = 109 410 pounds, and, since the rivets are weaker in 
single shear than in bearing for a plate of this thickness, it will 
require 109 410 -r- 3970 = 27.6 shearing surfaces. If the cover 
and its splice plate were adjacent 28 rivets would answer, but 
as two other plates lie between them the rivets convey the 
stress from one to the other indirectly and hence some addi- 
tional rivets should be allowed, say two for each intermediate 
plate, or 32 in all. 



Art. 41. FLANGE SPLICES. II3 

To splice the angles use a cover angle (Tf 94) on the side of 
the flange where each joint is located, and a vertical plate or 
bar as wide as the cover angle on the opposite side. The 
strength of one angle is (8.44 - • 1.50)12 590 = 87 370 pounds 
and requires 87 370 -=- 3970 = 22.0 shearing surfaces in the 
connecting rivets. If this number of rivets could be secured 
in each half of the cover angle without requiring a length 
exceeding the space between adjacent stiffeners this single 
cover would form the best splice, as the rivets would transmit 
the entire stress directly to it. The distance, however, between 
stiflfeners is too small to allow this, and the pitch of the rivets 
cannot be reduced without weakening the entire flange by 
reducing the net section (T 82). Let the length of cover 
angle be chosen so as to include 16 rivets in each half, 8 being 
in the vertical and 8 in the horizontal leg of the angle. As 
there are two intermediate thicknesses of metal between the 
spliced angles and the vertical splice plate on the opposite 
side of the flange, not all of the 8 shearing surfaces may be 
counted. Since the top cover extends over this joint also, it 
may be used to give additional strength by prolonging it so as 
to add four more rivets. This will make the joint approx- 
imately of the same strength for each leg of the angles thus 
united. The thickness of the cover angle must be such that 
its strength in tension equals the strength of 16 rivets in single 
shear. This requires a net area of 16 X 3970 -s- 12 590 = 5.04 
square inches. This area is furnished by a cov^r angle as wide 
as the inner-face width of the flange angles and {^ inch thick. 
It would be better to make it } inch. 

The above computations all refer to the flange in tension. 
The maximum compressive flange stress is somewhat less than 
the tensile, hence the same dimensions and number of rivets 
will be used in the splices for both flanges (1" 93). Economy 
of manufacture is promoted by this arrangement. (Chap XI). 



114 DKSIGN OF A PLATE-GIRDER BRIDGE. CHAP. V. 



1 

Art. 42. Bed Plates and Rollers. 

(See paragraphs 27, 23, 31 o^ 43 and 155-160 of the Specifications in Art. 30.) 

As the span exceeds 75 feet, a nest of turned-steel rollers is 
required at one end i^ 158), the diameter of the rollers not 
being less than 2^ inches. Assunning this diameter, the allow- 
able pressure per linear inch of roller is 500 X V2.5 = 790 
pounds. The reaction of the support is 183 700, which would 
require 183 700 -^ 790 = 232.5 inches of roller. Assuming 8 
rollers and a clearance of half an inch between them, these 
would cover a space of about 20 X 29J inches. The area of 
the bed plate must be (1" 155) 183 700 -r- 250 = 734 8 sq. in., or 
24 X 30I inches. This arrangement would pass, as the strength 
of the bed plate would permit projecting it beyond the rollers 
sufficient to give the requisite area on the masonry. 

If the diameter be taken 3^ inches the area covered by 7 
rollers is 27^ X 28J inches, and by 6 rollers 23^ X 32} inches. 
The bearing surface should have its greater dimension at right 
angles to the girder in order that the pressure on the rollers 
may not be too unequally distributed by the deflection of the 
girder under full load. However, an increase in the length of 
the rollers requires a considerable increase proportionally in 
the strength of the bearing plates or sole plates which transfer 
the weight from the girder to the rollers. The dimensions 2^\ 
and 32J inches given above are for these reasons considered to 
be rather large. Let a diameter of 3 inches be tried. The 
allowable pressure per linear inch of rollers is 866 pounds, the 
aggregate length of rollers 21 2.1 inches, and 7 rollers cover an 
area of 24 X 30^^ inches. Let this size be adopted. 

The bearing plates in distributing the pressure on the 
rollers should not be strained beyond the safe limit. In order 
to compute the distance each plate may project beyond the 
one above it let the unit stress be assumed the same as in the 
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chords. Remembering that the reaction under the projection 
is a uniform load of 866 pounds per linear inch, for each 
strip 3.5 inches wide the following quantities are obtained : The 

maximum moment M =• if x is the projection in inches. 

The resisting moment of the strip of plate whose thickness is d 
is 12 590 X 3.5 X rf* -5- 6. Equating these values and reduc- 
ing, X = ^.12 d. 

As the stiffeners at each end of the bearing plate are fitted 
to the flange angles, which are f inch thick, the load may be 
regarded as about uniformly distributed over the width of I2f 
inches. When d \s \ inch, x becomes 2.57 inches, hence the 
projection of the cover plate of the girder of less than 2 inches 
is safe. If a bearing plate } inch thick is placed below that it 
may project 3.09 inches, hence let it be made 22 inches wide. 
A plate I inch thick may project 4.12 inches, hence let a i^^- 
inch plate be used, which may project far enough to cover the 
-entire length of roller, or 30^ inches. 

The thickness of the bed plate will be taken at -J-f inch 
•(TIT 43 ^"^ ^?5)« being planed down (on one side) from a. thick- 
ness of ^ inch. 

The greatest shear on the anchor bolts occurs when the 
iieaviest live load is on the bridge and the brakes are applied 
when it is moving forward toward the roller end. This maxi- 
mum live load is 215 000 pounds for each girder, the reaction 
at the forward end being 1 19 000 and at the other 96 000. The 
traction is 215 000 X 0.2 = 43 000 pounds (T[ 27). The dead- 
load reaction is 31 200, which added to 96 OCX) gives 127200 
pounds. The coefficient for steel on masonry is 0.25 (Tf 31 o), 
hence the frictional resistance of the fixed support is 127 200 X 
'O.25 = 31 800 pounds. This leaves a shear on the bolts of 
43 000 — 31 800 = II 200 pounds. If soft-steel anchor bolts 
-are used at each support the area required is 1 1 200 -r- 6 600 = 
a.70 square inches. Four bolts J inch in diameter would supply 
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this area. The diameter adopted is hence the minimum allowed 
(T is;) or 4 inch. 

The rollers are grooved at the middle and engage with a 
bar riveted to the bearing plate as well as with one riveted ta 
the bed plate so as to prevent lateral motion of the girder. 
These bars may be i} X i^ inch in section, each being held iu 
place by six or seven |-inch countersunk rivets. The anchor 
bolts at this end pass up through the bearing plate, in which 
slotted oval holes are cut of such a length as to allow a longi- 
tudinal movement of at least 0.8 inch {'i'i l6o and 28). 

At the fixed end a cast-iron base is used whose height 
equals that of bearing plates, rollers, and bed plate combined, 
and whose lower surface furnishes 
the necessary area on the masonrj'. 
Its form and dimensions are shown 
in Fig. 31. 
' Since the. deflection of a girder 
causes an unequal distribution oE 
load on the bearings, some modi- 
fication of their construction is 
necessary for girders of long span. 
During the last few years many 
plate girders have been built ivliich 
Tientioned in 'i 3. Fig. 32 shows the end 
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sion bearing designed by the Engineering Department of the 
New York Central and Hudson River Railroad for a plate 
girder having a span of 112 feet. The pin has a diameter of 
6 inches, and is held in place by a ring one inch thick made 
in two sections. The thickness of metal in the cast pedestal 
is 2 inches. The rollers are 2 inches in diameter, have a bear- 
ing length of 20 inches, and are spaced 3} inches center to 
center except at the middle^ where a tie-rod passes between 
the rollers. 



Art. 43. Upper Lateral System. 

(S<sc paragraphs 31 h, 1, 34, 37, 67. 87 and 89 of the. Specifications in Art. 30.) 

For the lateral systems the Warren type of truss will be 
employed, the center lines of the braces intersecting in the 
web of each girder at the five-foot divisions except at the 
ends, where the intersection will be one foot inside of the zero 
section which passes through the center of the bearing plate 
(I^IT 87 and 89). The outline diagram of the upper system is 
shown in Fig. 33, and of the lower system in Fig. 34. The full 




Flo, 33. 




Fi& 54. 

panel lengths are 10 feet, the width 7 feet, sec (9 = 1.229 ^"^ 
sec d- ^=. I.I 52. The panel load for that portion of the press- 
ure of the wind on the girder and track which affects the 
upper system is 30 X 10 X 4.5 = 1350 pounds, 4.5 feet being 
the average depth of the area exposed to the wind. Only the 
area of the windward girder is taken into account. The panel 
wind load for the moving train is 300 X 10 = 3000 pounds. 
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Assuming the moving wind load to be applied at the panel 
points on the leeward side, the following maximum stresses 
are obtained, the two values for each member being due to 
the wind blowing in opposite directions. 



I 



— 18320 
+ 19 270 



+ 17880 
— 17 100 



— 14660 
+ 15440 



+ 13000 
— 12440 



Su 



— 10240 
+ 10780 



\ 



s. 



s. 



+ 8570 
— 8250 



— 6270 + 4610 

+ 6590 -4520 



To obtain the sectional areas of the braces the specifica- 
tions require the use of two formulas for unit stress (1 31 //, i): 



For compression only, 



12600 — 60-; 
r 



For the greatest stress, 8 400 



(- 



max. lesser 



-)■ 



2 max. greatei 

The length of the diagonals measured between panel points 
is 8 feet 7J inches, but the braces will be somewhat shorter, 
hence 100 inches may be used as the length /. As it is desir- 
able to use an angle with unequal legs on account of the stress 
due to the eccentric connection when only one leg of an angle 
is riveted to the connecting plate, let 4 X 3 inch angles be 
tried for those members consisting of only one angle. 

The above formula for the greatest stress gives 4410 
pounds per square inch for the unit stress in 5,, 5,, 5", and 
5,, and 4380 pounds for 5,, S^, 5, and S^. The least radius 
of gyration r for one 4X3 inch angle is 0.65 or 066, depending 
on the thickness (Pocket Companion, page 104). Using the 
smaller value, the formula for compression gives a unit stress 
of 3370 pounds per square inch. For two such angles placed 
back to back and riveted together on the 4-inch leg the mean 
value of r is 1.24 (Pocket Companion, page 104 or 151), which 
gives a unit stress of 7760 pounds per square inch. This value 
being so much larger than the unit stress derived from the 
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formula indicates that 3X3 inch angles may be used, and 
probably to advantage. For two 3X3 inch angles riveted 
together r is 0.91 for a thickness of % inch and 0.89 for a 
thickness of -f^ inch. Using r = 0.90, the formula for com- 
pression gives a unit stress of 5930 pounds per sq[uare inch. 
Assuming two angles to be needed for 5, , it will require a net 
area of 19 270 -r- 4410 = 4.37 square inches. Two angles 3 
X 3 X i inch give a net area of 2(2.75 "" 0-44) = 4-62 square 
inches (Pocket Companion, page 106), one {-inch hole being 
deducted from each angle (1 36), since J-inch rivets are to be 
employed for the entire lateral system i^ 67). 

It may be well perhaps to suggest to the student the 
desirability xof using the tables in the handbook as far as pos- 
sible to reduce the labor of computation. The deductions to 
be made for the rivet holes may be conveniently obtained 
from Pocket Companion, page 191, by entering the column of 
if inches which is 2 X | inch and then dividing by two the 
areas given for the various thicknesses, as follows : For \'\ 
0.33 ; for 3^"; 0.38 ; for J", 0.44 ; and for -j*/', 0.49 square 
inch. 

As the unit stress for tension is considerably less than that 
for compression, and the total stresses nearly the same, 5, , 5, 
and 5^4 have their sections determined by the net area for ten- 
sion. The net area required for 5^ is 13000-^-4380 = 2.97 
square inches, which is less than the net area of one 4 X 3 X -j*^ 
inch angle: Testing this for compression it is found to require 
12440-4-3370=3.69 square inches, which would require an 
angle f inch thick. On account of T m the thickness of ^^ 
inch will not be exceeded. S^ must have a net section of 
10 780 -^ 4410 = 2.44 square inches and a gross section of 
10 240 -T- 3370 = 3.04 square inches. One 4 X 3 X i inch angle 
gives a net area of 2.81 and a gross area of 3.25 square inches. 
5, requires net and gross areas of 1.96 and 2.45 square inches, 
which are furnished by a 4 X 3 X f inch angle with correspond- 
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ing sectional areas of 2.15 and 2.48 square inches. This being 
the minimum thickness it will also be chosen for S^ and 5«. 
The composition of the upper lateral braces is then as follows: 



5, , 2 angles, 3 X 3 X i in. 

5, , 2 angles, 3 X 3 X i in. 

5, , 2 angles, 3 X 3 X I in. 

5, , 2 angles, 3 X 3 X t in. 



5,, I angle, 4 X 3 X i in. 

5,, I angle, 4 X 3 X I in. 

5, , I angle, 4 X 3 X I in. 

5, , I angle, 4 X 3 X I in. 



Since three braces consist of one angle of the minimum thick- 
ness allowed it would have been a loss of material if a larger 
size than 4X3 inches had been selected. Were a single 4X3 
inch angle substituted in the case of S^ its gross area would be 
larger than that of both angles as given above, and the same 
holds true for. 5, and 5,. 

The strength of a field rivet of soft steel, £ inch in diam- 
eter, in single shear is 0.4418 X 5200 = 2300 pounds (Tf 31 /), 
and in bearing against a |-inch plate is f X f X 13 200 = 3710 
pounds, and against a i-inch plate f X i X 13 200 = 4950 
pounds. By using connecting plates i inch thick the strength 
of the rivet will be as strong in bearing as in double shear. In 
5,, 5,, 5, and S^ the rivets are in double shear and require at 
each connection 5,4,4 and 3 rivets respectively. 5., 5,, 5, 
and 5, require 5, 4, 3 and 3 shearing surfaces respectively. 

The connecting plates are attached to the web of the girder 
immediately below the flange angles by means of four short 

angles, 5 X 3i X tV *"c^' ^^ ^^^ ^^^ number of rivets in 
one of these connections it is necessary to find the compo- 
nents, parallel to the girder, of the stresses in the braces which 
meet there, and to divide their sum by 4510 pounds, the bear- 
ing value of f-inch shop rivets in a i-inch plate and which is 
less than the double shear. Beginning at the end of the 
girder and passing toward the middle (alternately in each 
girder) the numbers of rivets theoretically required in the 
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joints are 3, 5, 5, 4, 3, 3, 2, 2, 2. The numbers of field rivets 
joining the connecting angles to the web are respectively 4, 7, 
7» 6, 5, 4, 3, 3, 3, the rivets being f inch in diameter and in 
single shear. In both cases larger numbers are inserted 
than theory calls ^or, its no angle should have less than two 
rivets and the maximum allowable pitch (Tf 47) is not to be 
exceeded. It would be better not to put less than three rivets 
in each connection of a lateral brace. 

The simplest arrangement and that which is generally fol- 
lowed for shorter spans is to attach these connecting plates 
directly to the flanges of the girder, the necessary connecting 
rivets being omitted when the flanges are riveted up in the 
shop. The specifications {^ 69) state that •* whenever the 
grip length of rivet exceeds 2^ inches power-driven rivets will 
be insisted upon.'* In this case the grip length at the middle 
would far exceed this limit, as the flange is 3^ inches thick. 
This item in the specifications is evidently introduced in order 
to exclude hand riveting in the field under such conditions, 
and it is assumed in this design that power riveting in the 
field is not available. 

The arrangement adopted transfers the increments in the 
chord stresses of the upper lateral system to the web near the 
flange instead of directly into the flange. In the leeward 
girder this will simply reduce the stress to be transferred by 
the rivets from the web to the flange. In the windward girder 
the flange rivets usually have an excess of strength and can 
readily transfer all of it if necessary to the flange. In every 
design the method of attachment of the lateral system should 
be decided upon before the rivet spacing in the flanges is fixed 
so as to be sure to have ample strength. In Art. 39 the 
number of flange rivets in each division was found for both 
conditions. Another effect of the lateral braces not being 
attached directly to the flange is that the difference between 
the components of the stresses in each pair of braces normal 
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to the girder tends to bend the web. This force varies from 
1350 to 2810 pounds, but as the connection with the web is 
made adjacent to both stifTener and flange angle, and on both 
sides of the former, the bending moment is comparatively 
small. In a number of instances this component is transferred 
directly into the stiffener by means of a short angle, the 
stiffener having an excess of strength at that point. 

For the braces consisting of a single angle when treated as 
a column the neutral axis for least radius of gyration makes an 
angle of nearly 45 degrees with its neutral axis when treated 
as a beam carrying its own weight {^ 34), and as the moment 
of inertia about the latter axis is nearly four times as great as 
that with reference to the former the unit stress due to the 
weight of these braces need not be considered. 

In practice it has not been the general custom to deter- 
mine the unit stress due to the bending moment caused by 
the center line of the connections not coinciding with the axis 
of the member. 

In Art. 17 an expression was deduced for the flexural unit 
stress in a tension member of rectangular section. If A/ be 
the bending moment in a member due to its own weight or to 
the eccentric application of the direct tension or compression 
in the member, whose ends are regarded as hinged, the maxi- 
mum unit stress caused by this moment is 

Mc 



S = 



i± 



loE 

in which c is the distance to the neutral surface from the outer 
fiber in which the stress 5 occurs, / the moment of inertia of 
the cross-section of the member, Pits direct stress, / its lengthy 
and E the coefficient of elasticity of the material. The plus 
sign in the denominator is to be used when the direct stress P 
is tension, and the minus sign when P is compression. 
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In order to illustrate the effect of eccentric connections the 
unit stresses due to this cause and to the simultaneous action 
of the weight of the member will be computed for the brace 5, , 
which is connected by only one leg of the angle. 

For flexure in a vertical plane the moment due to eccen- 
tricity in 5, when it is subject to its maximum tension and the 
4-inch leg of the angle is vertical is 6590(1.28 — 0.19) = 7185 
pound-inches, while that due to its own weight is 885 pound- 
inches when the span is 100 inches as previously assumed. 
Taking the value of E as 28000000 the unit stress due to 
both moments is found by the above formula to be 2513 
pounds tension. When S^ is subject to its maximum com- 
pression the unit stress due to the same causes combined is 
20S6 pounds compression. When the 3-inch leg of the angle 
is placed vertically the corresponding unit stresses are 1756 
and 1322 pounds. It is seen therefore that the unit stress is 
considerably less when the smaller leg is placed vertically. 

If the above unit tensile stress be added to the unit stress 
due to the direct tension without eccentricity the sum exceeds 
by' nearly 10 per cent the value allowed by the second for- 
mula in 1" 31 u As, however, its maximum flexure due to ec- 
centricity occurs in a plane nearly at right angles to that in 
which it would bend as a column it maybe considered suf- 
ficiently strong. This example indicates the importance of 
avoiding eccentric connections if possible. * 

The braces consisting of two angles are united by three 
intermediate rivets, washers, of the same thickness as the con- 
necting plates being used to keep the angles at a uniform dis- 
tance apart. In this way the angles mutually support each 
other against flexure vertically. (See Art. 138 for an illustra- 
tion, of the great value of a stiff lateral system in case of an ac- 
cident). 
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Art. 44. Lower Lateral System. 

(The references to the Spectficattons are the same as in Art. 43.) 

The wind panel load on the lower system is 30 X 10 X 46 
-=- 12 = 1150 pounds, the average depth of the lower half of 
the girder being about 46 inches. 

The greatest stresses in 5, (see Fig. 34) are + 4240 and 
— 4950 for the wind blowing in opposite directions. For one 

3X3 inch angle r = 0.59, and the unit stress for compression 

100 
only is 12600 — 60 = 2430 pounds. The other formula 

gives 4800 pounds per square inch. The gross area is 4950 -^ 
2430 = 2.04 square inches. The area of an angle 3 X 3 X f 
inches is 2.1 1 square inches. The brace S, on account of being 
shorter requires a smaller section. In view, however, of the 
stress due to its own weight and the secondary stress due to 
eccentric connections let a 4 X 3 X W *"^^ angle be selected 
for the first three braces from the end and a 4 X 3 X f inch 
angle for the rest. The stresses are so small that it is not 
necessary to compute them for more than two or three at the 
end. 

The smallest compression member used in both lateral 
systems is composed of a single angle 4 X 3 X f inch. Its 
least width measures 2.50 inches, hence the greatest length 
allowed for such a member (T 37) is 45 X 2.5 = 112.5 inches. 
The longest lateral is somewhat less than 100 inches in length. 

As regards wind stresses alone the lower lateral system 
would be unnecessary provided efficient transverse bracing 
were employed, the latter transferring the wind pressure on 
the lower part of the girder to the upper lateral system, 
whence it is carried to the supports. But the lateral systems 
not only provide for wind stresses, but also resist lateral vibra- 
tion due to the live load, and experience shows that the lower 
lateral system performs an important function in this respect. 
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Art. 45. Transverse Bracing. 

(See paragraphs 96 and 97 of the Specifications in Art. 30.) 

The upper lateral system is intended to convey the 
horizontal pressure of the wind on the train and the upper 
part of the girder to the ends of the girder whence it is to be 
carried to the supports by means of transverse bracing. The 
usual form of such a bracing or cross frame {^ 97) is similar to 
the intermediate cross frame shown on Plate III. The 
horizontal reaction of the upper lateral system is 17400 

• 

pounds, and if it be assumed that one half of the load passes 
to the support through each diagonal, the stress in the upper 
horizontal is ± 8700 pounds, and in the diagonals 8700 X I -305 

 

= ± II 340 pounds, their inclination being about 40 degrees. 

The smaller unit stress is derived from the formula in T^ 31 /, 
-which in this case gives 4200 pounds per square inch. The 
net section for the horizontal is 8700 -=- 4200 = 2.08 square • 
inches, which requires a 4 x 3 X f inch angle. A thickness of 
-j^ inch would be better, in order to provide for the secondary 
stress. The same size would be taken for the lower horizontal 
•although its stress is probably much less. The net area for 
the diagonals is 1 1 340 ~ 4200 = 2.70 square inches, which is 
furnished by a 4 X 3 X i inch angle. The two diagonals 
cross each other back to back and are both riveted to a small 
connecting plate. Five rivets are required in the end of each 
diagonal and four at the end of the horizontal. Connecting 
plates I inch thick complete the material needed for the end 
cross-frame. Another style of end cross- frame is shown on 
Plate III, which is simple in form, practically rigid, and which 
allows it to be extended down to the bottom of the stiffeners, 
thus avoiding any tendency to bend the stiffeners such as 
exists in the other form. No additional computation is re- 
<juired in its design. The web plate is made of the minimum 
thickness (f inch), the horizontals being 4 X 3 X f inch angles, 



126 DESIGN OF A PLATE-GIRDER BRIDGE. CHAP. V 

and the rivets near the corners are spaced 3 or 3J inches, the 
rest being spaced about 5 inches. The end lower lateral is at- 
tached to the web of the frame by means of a short angle. 

The intermediate transverse bracing is inserted as an aid in 
securing general stiffness for the structure. The stresses due 
to the wind are transmitted through the lateral system and 
the girders. They will be located 20 feet apart and composed 
of 3 X 3 X f inch angles united by small plates f inch thick. 



Art. 46. Final Estimate of Weight. 

The following weights are computed with the aid of the 
tables in the Pocket Companion, pp. 38, 40, 41, 197-202, 209, 
and 261-264 • 

Material for One Half of the Girder » 

Flanges : 

4 angles, 6" X 6" X I ", 41' o" long, @ 2S.7 lbs., 4 707 pounds. 
2 cover plates, 16" X f , 41' o" long, ® 34'0 2 788 

2 cover plates, 16" X A"f 29' (i\" long, 
2 cover plates, 16" X W", 19' 7 ' long, 



;• I ® 30.6 



3007 



10502 

Less corners clipped from cover plates s 

10497 

Web: 

3 plates, 7' 3" X f ', 10' o" long, ^ 

1 plate, 7' 3" X I ', 11' o" long, [ r. ^ - lu i^ 

1 A' '^V' ' "1 h37.9sq. ft.@i5.3lbs.,6 70O 

2 plates, 6' 3 ' X f , 72 long, 

7 splice plates, 14" X I", 6' 3" long, 

Siiffeners : 

2 angles, 5" X 3i" X A", / if long, @ 15.2 lbs,, 217 

6 angles, 5" X 3\" X i". 7' if long, @ 13.6 581 

2 angles, 5" X 3f' X A ', 7' if long. @ 12.0 171 

9 angles, 5" X 3J " X I '. i if long, @ i«.4 667 

25 fillers, 3r X f", 7' if long, @ 4-47 79^ 

243a 
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Flange Splices : 

2 cover angles, si" X Si" X «", 4' o' long, ® 24.9 lbs.. 199 

2 flats, si" X f , 4' o" long, @ 13.4 107 

2 cover plates, 16" X i", 4' 7" long, ® 34-0 156 



462 
Less corners clipped 6 

I end cover pUte, i6" X i', 7' 3"_ long. ) ^ ^^^ ,^^ _ ,^g 
I comer cover plate, i6" X |"f i' o" long, ) 

Less corners clipped 3 

I bearing plate, 24" X *", 22" long, ® 61.2 lbs.. 112 

I bearing plate, 24" X iA"» 3^" long, @ 86.7 260 

I flat, If" X A". 24" long. @ 1.86 4 



456 



165 



376 



Total 20626 



On^ Half of Upper Lateral System, 

Braces : 2 angles, 3" X 3" X f '. 6* 8" long, 1 

4 angles, 3" X 3" X i". 7*" long, ^® 9.4 lbs., 288 pounds. 

2 angles, 3" X 3" X i", 1 5" long, J 

2 angles, 3" X 3" X f , 7' /' long, ) ^ ^^ ^^^ 



2 angles. 3" X 3" X I". 7' 5" long, 

1 angle. 4 " X 3" X f. / 6" long, ) 

2 angles. 4" X 3" X r, 7r long. )^ 

3 angles. 4" X 3" X I", 7' 6" long, ) ^ ^ 



97 
200 



2 angles. 4" X 3" X f. 6" long, 

801 
8* connecting plates, i" thick, aggregating 14 4 sq. ft. ® 20.4 lbs., 294 

Connecting angles : 

2 angles, 5" X 3i" X A". 12" long, " 

8 angles, 5" X 3*" X A"» »*" lon«. l@ 12.0 lbs., 278 

8 angles. 5" X 3^ X tY'. "" lo"?' 

14 angles, 5" X 3*" X A". 7" long. J 

2 angles. 5" X 3" X f ', 10" long. ® 9.8 16 

16 washers, 3i" diameter, f thick, 16 

Total '405 
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One Half of Lower Lateral System, 

' Braces : i angle. 4" X 3" X /, ". 7' o" long, 1 

I angle, 4" X 3" X iV. 7' 5" long, }. ® 9.8 lbs., 215 

1 angle, 4" X 3" X tV"» 7' 6" long, J 

5 angles. 4' X 3" X f", / 6" long, ® 8.5 319 

534 
£| connecting plates, \" thick, aggregating 10.9 sq. ft., @ 15.3 167 

Connecting angles : 

2 angles, 5" X 3i" X I", 10" long, ' 

30 angles, 5" X 3i" X I". 7" long, I @ 10.4 lbs., 212 

I angle, 5" X 3f' X f, 15" long, 
I angle, 5" X 3" X I". 10" long, ) ^ ^ 



I angle, 5" X 3" X f, 9" long. 
Total 928 

End Cross Frame. 

1 web plate, 6' 6" X f", 6' 3" long, (^ 99.45 lbs., 622 pounds. 
a angles, 4" X 3" X f, 6' 6" long, (^ 8.5 110 

Total 732 

Intermediate Cross Frame. 

-2 angles. 3" X 3" X r. 6' 6" long. . 

., .M # „ , f ® 7-2 lbs., 205 

2 angle*, 3 X ft Xl". 7 9 long, ) ^ ' 

5 connecting plates, f thick, aggre-, 

gating 3.3 sq. ft., @ 15.3 51 

Total 256 

Dead Load for .One Girder ^ excluding Track, 

One plate girder, 2 X 20 626 pounds 41 252 pounds. 

One half upper lateral system i 405 

One half lower lateral system 92S 

One end cross frame 732 

One and one half intermediate cross frames (^ 256 lbs. 3S4 
3720 pairs of rivet heads in the girder, @ 0.444 lb.. 1652 
416 pairs of rivet heads in one half of 

the lateral systems and cross 

frames, @ 0.268 iii 1763 

Gross weight for a length of 82 feet 46464 pounds. 

Net weight for a length of 80 feet (the span).. 45 331 pounds. 
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The net weight assumed was 46400 pounds, which is 1069 
pounds in excess, or 2.3 per cent. As the shipping weights 
afe generally allowed to vary 2.5 per cent, the weight assumed 
for the computation of stresses was as close as could be ex- 
pected. It should be noted that ^ 20 of the specifications is 
satisfied. 

The weight of the end cross frame with open web is 385 
pounds, and requires 53 rivets, and if this form were substituted 
for the one with the solid web the dead load for one girder 
would be re<fuced 702 pounds. 

In order to show the relation which the weights of the 
various parts of this structure (exclusive of track) bear to 
each other and to the whole, the following table is presented. 

Weight in Percentage of 
pounds. total weight. 



Flanges 2Q994 45.2 

Web and its splices 13 400 28.8 

Stifleners 4 864 10.5 

Flange splices .' 912 2.0 

End covers 330 o 7 

Bearing plates 752 1.6 



74.0 



14.8 



41 252 88.8 

i upper lateral system i 405 3.0 

i lower lateral system 928 2.0 [• 7.4 

Transverse bracing *. i 116 2.4 j 

Rivets 1763 3.8 3.8 



Total 46464 loo.o 100.0 

This gives a better basis for a preliminary estimate of the 
dead load for one girder than any general formula that may 
be deduced. First assume a weight for one girder and half the 
lateral and transverse bracing of 6/ to 7/ per linear foot, the 
larger value being used for the heavier live loads, such as the 
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one used in this design, and then compute the area of the 
flange sections and the thickness of the web in accordance 
with the given specifications. The weight of the girder might 
even be omitted entirely without materially changing the 
result, but it is better to include it in the manner just stated. 
The approximate length of cover plates can be readily obtained 
from the diagram of moments, and the number of splices in 
the web can be determined very quickly. Then let the weight 
of these items be increased by one third and the result will be 
found to differ but little from the final estimate. 

In a stringer having a span less than 25 feet and under 
a much lighter live load theflanges and web may contain 78 
or 80 per cent of the total weight. This arises from the fact 
that the web and flanges are continuous throughout, and 
stiffeners, if required at all, are comparatively light on account 
of the small depth. 

Art. 47. Discussion of the Economic Depth. 

It is of interest to observe what absolute as well as relative 
variations in the weight will be obtained by changing the 
depth of the web. Accordingly a revision of the above design 
was made for a depth of web of 96 inches. The number of 
rivets was, however, not recomputed, as it was assumed that the 
increase in rivets in the web would about equal the decrease in 
those required in the flanges. No increase was made in the 
sections of the stiffeners. The result is as follows : 

Weight Percentage of 
in pounds. total weight. 

Flanges 18 918 40.8 ) 

Web and its splices 14 796 31.9 f 

Stiffeners 5 382 11.6") 

Flange splices 850 1.9 [ 

End cover 362 0.8 

Bearing plates 752 1.6^ 
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One half upper lateral system i 405 3.0 \ 

One half lower lateral system 928 2.0 > 7.6 

Transverse, bracing i 202 2.6 ) 

Rivets I 763 3.8 3.8 

Total 46 358 loo.o loo.o 

The reduction in the total weight is only 46464 — 46 35S = 
106 pounds. The weight in the flanges varies inversely as the 
effective depth, while that of the web and its details varies 
nearly as its own depth for relatively small changes in depth, 
and these two depths differ only by about one inch in this 
example. Slight changes from the economic depth do not 
appreciably affect the weight of the girder, hence these varia- 
tions in depth should produce about equal changes in the 
"weights of the flanges and of the web ana its details. This 
occurs when their weights are about equal. • 

If the weights of the flanges be taken as inversely pro* 
portional to the depth of the web the weight for a depth of 96 
inches is (20994 + 912)87 -j- 96 = 19 852 pounds, which is 84 
pounds greater than that obtained by the revised design. 
The difference is due in part to the fact that in designing 
no changes less than -^ inch were made in the thickness of 
angles and cover plates. The weight of the web and its details 
is ( 1 3 400 4- 4864 + 330)96 -=- 87 = 20 5 1 8 pounds, which is only 
22 pounds less than the weight obtained by computing the 
increase in weight for the web, stiffeners, fillers, and end covers 
separately under the supposition that the slight increase in 
depth would not require any increase in section. For the 
depth of 87 inches the weight of the flange and its splices is 
45.2 -f- 2.0 = 47.2 per cent and that of the web and its details 
is 28.8 +105+ 0.7 = 40.0 per cent of the weight of the 
girder. For the depth of 96 inches the corresponding values 
are 42.7 and 44.3 per cent. For a depth of 94 inches the 
weights of these two items are almost exactly equal, and hence 
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on the basis of material alone this is the economic depth. 
The difference in cost of plates and angles and considerations, 
relating to the cost of manufacture, however, modify this result 
to some extent, (See Art. lo.) 

The student is referred to the following articles for ad- 
ditional examples of plate -girder construction: Two Long 
Plate -girder Bridges, Engineering News, Vol. XXVII, page 
316, Apr. 2, 1892; Plate -girder Highway Bridge on State 
Street, Rockford, 111., Engineering News, Vol. XXVII, page 
205, Feb. 27, 1892; and Plate -girder Highway Bridge at 
Brookline, Mass., Engineering News, Vol. XXVI, page 257, 
Sept. 19, 1 891. Most of these are through bridges and show 
different methods of connecting the floor system to the girders* 
Two of the bridges have cantilever brackets for the sidewalks^ 
and the girders of one of them have curved upper flanges. 
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CHAPTER VI. 

DESIGN OF A PIN TRUSS BRIDGE. 

Art. 48. Data and Specifications. 

Let a single-track through railroad bridge be taken having 
single-intersection trusses of the Pratt type, and let the span 
be 142 feet between centers of end pins. The design is to be 
made in accordance with C00PER*S General Specifications for 
Iron and Steel Railroad Bridges and Viaducts, the required 
portions of which are reprinted below by permission of the 
author. The material to be used is wrought iron, excepting 
for the pins in the trusses. A clear width of 14 feet is required 
by ^ 5 (of the Specifications), and as the cover plates for the 
end posts will probably be 20 or 22 inches wide, the distance 
center to center of trusses will be taken at 16 feet. 

For this span the depth should be about one fifth of the 
span, or 28^ feet. On inspecting a few designs of Pratt trusses 
of somewhat different spans it is estimated that the required 
head room may be secured by a depth 2 feet less, and since it 
is proposed to include in the maximum stresses all the effects 
of the specified wind pressure the reduced depth of 26.5 feet 
between centers of chords will be adopted. The number 
of panels is preferably an odd number (Art. 9). Five panels 
would require a comparatively heavy floor system and would 
give poor proportions to the lateral systems, while seven panels 
would probably give the best results. However, in order to 
illustrate some points in the design of details six panels will 
be taken. The general drawing is shown on Plate IV and in 
Fig- 35 (Art. 49). 
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The following are the portions of CooPER*S Specifications 
which apply to this design : 

General Description. 

1. All parts of the structures shall be of wrought iron or steel, except 
ties and guard-rails. Cast iron or steel may be used in the machinery 
of movable bridges and in special cases for bed plates. 

2. The following kinds of girders shall preferably be employed: 

Spans up to 1 6 feet Rolled beams. 

Spans i6 to 70 feet Riveted plate girders. 

Spans 70 to 100 feet Riveted plates or lattice girdeis. 

Spans over 100 feet Pin-connected trusses. 

In calculating strains the length of span shall be understood to be 
the distance between centers of end pins for trusses, and between cen- 
ters of bearing plates for all beams and girders. 

3. The girders shall be spaced, with reference to the axis of the 
bridge, as required by local circumstances, and directed by the Engineer 
of the Railroad Company (1 5). Longitudinal floor girders shall in no 
case be less than three feet and three inches from the center line of 
tracks (t 6). 

4. For all through bridges and overhead structures there sliall be a 
clear head-room of 20 feet above the base of the rails. 

5. In all through bridges the clear width from the center of the track 
to any part of the trusses shall not be less than seven (7) feet at a height 
exceeding one foot above the rails where the tracks are straight, and an 
equivalent clearance shall be provided where the tracks are curved. 

10. Unless otherwise specified the form of bridge trusses may be 
selected by the bidder; but to secure uniformity in appearance it is 
desired that all " through " trusses shall be built with inclined end 
posts; for pin-connected trusses* preference shall be given to those of 
single intersections. 

12. The wooden floors shall consist of transverse ties or fl(>or tim- 
bers ; their scantling will vary in accordance with the design of the sup- 
porting iron floor (1 15). They shall be spaced with openings not 
exceeding six inches, and shall be secured to the supporting girders by 
f-inch bolts at distances not over six feet apart. For deck bridges the 
ties will extend the full width of the bridge, and for through bridges at 
least every other tie shall extend the full width of bridge for a footwalk. 
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13. There shall be a guard timber (scantling not less than d" x Z") on 
each side of each track, with its inner face parallel to and not less than 
3 feet 3 inches from center of track. Guard timbers must be notched 
one inch over every floor timber, and be spliced over a floor timber with 
a half-and-half joint of 4 inches lap. Each guard timber shall be 
fastened to every third floor timber, and at each splice, with a three- 
quarter (J) -inch bolt. 

14. The guard and floor timbers must be continued overall piers and 
abutments. 

15. The maximum strain allowed upon the extreme fiber of the best 
yellow-pine or white-oak floor timbers will be 800 pounds per square 
inch ; the weight of a single engine wheel being assumed as distributed 
over three ties spaced as per IT 12. 

16. The floor timbers from center to each end of span must be 
notched down over longitudinal girders so as to reduce the camber in 
the track, as directed by the Engineer. 

Loads. 

23. All the structures shall be proportioned to carry the following 
loads : ist. The weight of iron in the structure. 2d. A floor weighing 
400 pounds per linear foot of track, to consist of rails, ties and guard 
limbers only. These two items, taken together, shall constitute the 
•• dead load." 3d. For class A — A moving load for each track, supposed 
to be moving in either direction, and consisting of two "consolidation " 
engines coupled, followed by train weighing 3000 pounds per running 
foot. This "live load " being concentrated upon points distributed as 
in Diagram No. 3. Or, 80000 pounds equally distributed upon two pairs 
of drivers, seven feet center to center ; . . . 

[Diagram No. 3 is not reproduced here, as the distances between the 
wheels are the same as those in Fig. 21, the loads, however, being 15 000 
pounds on the pilot and tender wheels, 24000 pounds on the drivers, 
and the uniform load 3000 pounds per linear foot.] 

24. To provide for wind strains and vibrations, the top lateral bracing 
in deck bridges, and the bottom lateral bracing in through bridges, shall 
be proportioned to resist a lateral force of 450 pounds for each foot of 
the span ; 300 pounds of this to be treated as a moving load. The 
bottom lateral bracing in deck bridges, and the top lateral bracing in 
through bridges, shall be proportioned to resist a lateral force of 150 
pounds for each foot of the span. Preference will be given to lateral 
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bracing in the floor system, which is capable of resisting both compres- 
sion and tension. 

26. Longitudinally the bracing of the trestle towers and the attach- 
ments of the fixed ends of all trusses shall be ca{>able of resisting the 
greatest tractive force of the engines, or any force induced by suddenly 
stopping upon any part of the work the assumed maximum trains ; the 
coefficient of friction of the wlieels upon the rails being assumed as 0.20. 

27. Variations in temperature, to the extent of 150 degrees, shall be 
provided for. 

29. All parts shall be so designed that the strains coming upon them 
can be accurately calculated. 

Proportion of Parts. 

The following clauses are all intended to apply to wrought-iron con- 
struction. 

30. AH parts of the structure shall be proportioned in tension by the 
following allowed unit strains : 

Pounds per 
square inch. 

Floor-beam hangers, and other similar members liable to sudden 

loading (bar iron with forged ends) 6 000 

Floor-beam hangers, and other sim ilar members liable to sudden 

loading (plates or shapes), net section 5 000 

Lateral bracing 15 000 

Solid rolled beams, used as cross floor beams and stringers 8000 

Bottom flanges of riveted cross girders, net section 8000 

Bottom flanges of riveted longitudinal plate girdersiW/^r2ofeet 

long, used as track stringers, net section 8 000 

Bottom flanges of riveted longitudinal plate girders under 20 feet 

long, net section 7 000 

For For 

live loads. dead loads. 

Bottom chords, main diagonals, counters and long 
verticals (forged eyebars) \ 8000 16000 

Bottom chords and flanges, main diagonals, coun- 
ters and long verticals (plates .or shapes), net 
section 7 500 1 5 000 

The areas obtained by dividing the live-load strains by the live-load unit 
strains will be added to the areas obtained by dividing the dead-load 
strains by the dead-load unit strains to determine the required sectional 
area of any member. ("T 45.) 
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31. Angles subject to direct tension must be connected by both legs, 
or the section of one leg only will be considered as effective. 

32. In members subject to tensile strains full allowance shall be made 
for reduction of section by rivet holes, screw threads, etc. 

33. Compression members shall be proportioned by the following 
allowed unit strains: 

Chord segments : P = 8000 — 30- for live-load strains ; 

« 

P = 16000 — 60- for dead-load strains : 

r 

All posts : P = 7000 — 40— for live-loads trains; 

r 

P = 14000 — 80— for dead -load strains ; 

r 

I 
P ^z \Q 500 — 60— for wind strains. 

r 

Lateral struts: P = 9000 — 50— for assumed initial strain (IT 34). 

P = the allowed compression per square inch of cross-section. 
/= the length of compression member, in inches. 
r = the least radius of gyration of the section, in inches. 
No compression member, however, shall have a length exceeding 45 
times its least width. 

34. The lateral struts shall be proportioned by the above formula 
(^ 33) to resist only the resultant due to an assumed initial strain of 
10 000 pounds per square inch upon all the rods attaching to them, 
assumed to be produced by adjusting the bridge or towers (^41). 

35. In beams and plate girders the compression flanges shall be made 
of fOiVL-i^ gross section as the tension flanges. 

36. Riveted longitudinal girders shall have, preferably, a depth not 
less than -^ of the span. 

37. Members subject to alternate strains of tension and compression 
shall be proportioned to resist each kind of strain. Both of the strains 
shall, however, be considered as increased by an amountoequal to ^ of 
the least of the two strains, for determining the sectional areas by the 
above allowed unit strains (^"I 30. 33). 

38. The strains in the chords and end posts from the assumed wind 
forces need not be considered, except as follows: ist, When the wind 
strains on any member exceed one quarter of the maximum strains due 
to the dead and live loads upon the same member. The section shall 
then be increased until the total strain per square inch will not exceed 
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by more than one quarter the maximum fixed for dead and live loads 
only. 2d. When the wind strain alone or in combination with a possible 
temperature strain can neutralize or reverse the tension in any part of 
the lower chord. 

39. The rivets and bolts connecting the parts of any member must be 
so spaced that the shearing strain per square inch shall not exceed 7500 
pounds, or f of the allowed strain per square inch upon that member; 
nor the pressure upon the bearing surface per square inch of the pro- 
jected semi-intrados (diameter x thickness of piece) of the rivet or bolt 
hole exceed 12000 pounds, or one and a half times the allowed strain 
per square inch upon that piember. In the case of field riveting the 
above limits of shearing strain and pressure shall be reduced one-third 
part. Rivets must not be used in direct tension. 

40. Pins shall be so proportioned that the shearing strain shall not 
exceed 7500 pounds per square inch; nor the crushing strain upon the 
projected area of the semi-intrados of any member (other than forged 
eyebars, see 1 79) connected to the pin be greater per square inch than 
12000 pounds, or one and a half times the allowed strain per square 
inch ; nor the bending strain exceed 15000 pounds per square inch when 
the centers of bearings of the strained members are taken as the points 
of application of the strains. 

41. In case any member is subjected to a bending strain from local 
loadings, such as distributed floors on deck bridges, in addition to the 
strain produced by its position as a member of the structure, it must be 
proportioned to resist the combined strains. If the fiber strain resulting 
from the weight only, of any member, exceeds ten per cent of the al- 
lowed unit strain on such member, such excess must be considered in 
proportioning the areas. 

42. Plate girders shall be proportioned upon the supposition that the 
bending or chord strains are resisted entirelp by the upper and lower 
flanges, and that the shearing or web strains are resisted entirely by the 
web plate; no part of the web plate shall be estimated as flange area. 
The distance between centers of gravity of the flange areas will be con- 
sidered as the effective depth of all girders. 

43. The webs of plate girders must be stiffened at intervals, about 

the depth of the girders, wherever the shearing strain per square in<:h 

exceeds the strain allowed by the following formula : 

12000 
Allowed shearing strain = //»"* 

3000 
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'where H = ratio of depth of web to its thickness; but no web plates shall 
be less than three eighths of an inch in thickness. 

45. The areas of counter rods shall be determined by taking the dif- 
ference in areas due to the live- and dead-load sirauis considered sepa- 
rately (1 30) ; the counter rods in any one panel must have a coml>ined 
sectional area of at least three square inches, or else must be capable of 
carrying all the counter live load in that panel. 

Details of Construction. 

46. All the connections and details of the several parts of the stnic- 
tiures shall be of such strength that, upon testing, ruptures shall occur in 
the body of the members rather than in any of their details or connec- 
tions. 

47. Preference will be had for such details as shall be most accessible 
for inspection, cleaning and painting; no closed sections will be al- 
lowed. 

49. All web plates must have stifleners over bearing points and at 
points of local concentrated loadings. 

50. The pitch of rivets in all classes of work shall never exceed 6 
inches, or sixteen times the thinnest outside plate, nor be less than three 
diameters of the rivet. 

51. The rivets used shall generally be \ and J inch diameter. 

52. The distance between the edge of any piece and the center of a 
rivet hole must never be less than \\ inches, except for bars less than 2^ 
inches wide; when practicable it shall be at least two diameters of the 
rivet. 

57. Field riveting must be reduced to a minimum, or entirely avoided 
where possible. 

58. The effective diameter of a driven rivet will be assumed the 
same as its diameter before driving. In deducting the rivet holes to 
obtain net sections in tension members, the diameter of the rivet hf.le 
will be assumed as \ inch larger than the undriven rivets. 

59. When members are connected by bolts which transmit shearing 
strains, the holes must be reamed parallel and the bolts turned to a driv- 
ing fit. 

62. In compression members, abutting joints with planed faces must 
be sufficiently spliced to maintain the parts accurately in contact against 
all tendencies to displacement. 

63. In compression members, abutting joints with untooled faces 
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must be fully spliced, as no reliance will be placed on such abuitin<; 
joints. The abutting ends must, however, be dressed straight and true. 
&o there will be no open joints. 

65. Web plates of all girders must be arranged so as not to project 
beyond the faces of the flange angles, nor on the top be more than it 
inch below the face of these angles, at any point. 

67. In girders with flange plates, at least one half of the flange sec- 
tion shall be angles or else the largest-sized angles must be used. 

69. The compression flanges of beams and girders shall be stayed 
against transverse crippling when their length is more than thirty times 
their width. 

70. The unsupported width of plates subjected to compression shall 
not exceed thirty times their thickness ; except cover plates of top chords 
and end posts, which will be limited to forty times their thickness. 

71. The flange plates of all girders must be limited in width so as not 
to extend beyond the outer lines of rivets connecting them with the an- 
gles, more than five inches or more than eight times the thickness of the 
first plate. Where two or more plates are used on the flanges, they shall 
either be of equal thickness or shall decrease in thickness outward from 
the angles. 

72. No iron siiall be used less than J inch thick, except for lining or 
filling vacant spaces, 

73. The heads of eyebars shall be so proportioned and made that 
the bars will preferably break in the body of the original bar rather than 
at any part of the head or neck. The form of the head and the mode of 
manufacture shall be subject to the approval of the Engineer of the Rail- 
road Company. The heads must be formed either by the processor up- 
setting and forging, or by the process of upsetting, piling and forging. 
No welding will be allowed in the body of the bars, nor in the process of 
piling, welding seams in any other direction than parallel to the sides of 
the original bars. 

77. The lower chord shall be packed as narrow as possible. 

78. The pins shall be turned straight and smooth, and shall fit the 
pin holes within ^^ o^ ^" *"C^' ^°^ P'"^ less than 4^ inches diameter; for 
pins of a larger diameter the clearance may be ,V '"ch. 

79. The diameter of the pin shall not be less than two thirds the 
largest dimension of any tension member attached to it. The several 
members attaching to the pin shall be so packed as to produce the least 
bending moment upon the pin, and all vacant spaces must be filled with 
wrought-iron filling rings. 
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85. Compression members shall be of wrought iron, and of approved 
forms. 

86. The pitch of rivets at the ends of compression members shall not 
exceed four diameters of the rivets for a length equal to twice the width 
of the member. 

87. The open sides of all compression members shall be stayed by 
l>atten plates at the ends, and diagonal latticework at intermediate 
points. The batten plates must be placed as near the ends as practicable, 
^nd shall have a length of li times the width of the member. The size 
^nd spacing of the lattice bars shall be duly proportioned to the size of 
the member. They must not be less than 2xi inch for posts 6 inches 
wide, nor 4xf inch for posts 15 inches wide. They shall be inclined 
^t an angle not less than 60** to the axis of the member. The pitch of 
the latticing must not exceed the width of the channel plus nine inches. 

88. Where necessary, pin holes shall be reinforced by plates, so the 
allowed pressure on the pins shall not be exceeded. These reinforcing 
plates must contain enough rivets to transfer their proportion of the 
bearing pressure, and at least one plate on each side shall extend not 
less than six inches beyond the edge of the batten plates, (t 87.) 

89. Where the ends of compression members are forked to connect 
to the pins, the aggregate compressive strength of these forked ends 
must equal the compressive strength of the body of the members; in 
order to insure this result the aggregate sectional area of the forked 
ends, at any point between the inside edge of the pip hole and six inches 
beyond the edge of the batten plate, shall be about double that of the 
body of the member. 

90. In compression-chord sections the material must mostly be con- 
<:entrated at the sides, in the angles and vertical webs. Not more than 
one plate, and this not exceeding i inch in thickness, shall be used as a 
cover plate, except when necessary to resist bending strains. (IT 41.) 

91. The sections of compression chords shall be connected at the 
abutting ends by splices sufficient to hold them truly in position. 

96. In no case shall any lateral or diagonal rod have a less area than 
^ of a square inch. 

97. The attachment of the lateral system to the chords shall be 
thoroughly efficient. If connected to suspended floor beams, the latter 
:shall be stayed against all motion. 

98. Preference will be given for a stiff angle-iron lateral system 
between the chords on the level of the floor. 

99. All through bridges with top lateral bracing shall have wrought- 
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iron latticed portals, of approved design, at each end of the span, con- 
nected rigidly to the end posts. They shall be as deep as the specified 
head room will allow, (t 38.) 

103. All bed plates must be of such dimensions that the greatest 
pressure upon the masonry shall not exceed 250 pounds per square 
inch. 

104. All bridges over 7$ feet span shall have at one end nests of 
turned friction rollers, formed of wrought iron or steel, running between 
planed surfaces. The rollers shall not be less than 2 inches diameter, 
and shall be so proportioned that the pressure per lineal inch of rollers 
shall not exceed the product of the square rdot of the diameter of the 
roller in inches multiplied by 500 pounds (500 ^d). 

105. Bridges less than 75 feet span shall be secured at one end to the 
masonry, and the other end shall be free to move upon planed surfaces. 

107. All the bed plates and bearings under fixed and movable ends 
must be fox-bolted to the masonry ; for trusses, these bolts must not be 
less than i^ inches diameter ; for plate and other girders, not less than 
} inch diameter. The contractor must furnish all bolts, drill all holes> 
and set bolts to place with sulphur. 

108. While the roller ends of all trusses must be free to move longi- 
tudinally under changes of temperature, they shall be anchored against 
lifting or moving sideways. 

109. All iron bridges with parallel chords shall be given a camber by 
making the panel lengths of the top chord longer than those of the 
bottom chord, in the proportion of i of an inch to every ten feet. 

1 10. All bolts must be of neat lengths, and shall have a washer 
under the heads and nuts where in contact with wood. 

Use of Steel. 

118. Medium steel (^ 139) may be used for tension members, plate 

girders, rolled beams and top-chord sections with an allowance of 

20 per cent increase above allowed working strains on wrought iron; 

and for all posts by use of the following formulae, in place of those 

given for wrought iron (f 33) : 

/ 
P = % 500 — 55 — for live-load strains. 

P = 17000 — no— for dead-load strains. 

r 

/>= 13000— 85— for wind-load strains. 
Provided that, in addition to the previous details of construction, . . » 
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121. All rivets to be of steel. 

123. Soft steel (t 141) may be used under the same conditions as 
wrought iron for all riveted work. 

Art. 49. Floor Timbers and Stringers. 

(See paragraphs 3, i2-i6, 23, 24, 30-33. 35-37. 42, 43. 49. 58, 65, 67, 
69, 71 and no of the Specifications in Art. 48.) 

The iron floor system will consist of riveted stringers and 
floor beams, the latter being riveted to the posts of the trusses 
just above the lower chord. The wooden cross-ties rest upon 
the stringers. 

The alternate live load in T[ 23, consisting of 80000 pounds 
equally distributed on two pairs of drivers seven feet apart, 
will determine the section of the cross-ties for a given spacing 
of the stringers, which will be taken at 6 feet 6 inches between 
centers {^ 3). The distance between centers of rails is 4 feet 
loj inches, and the load on each rail for one tie is 20000 -i- 3 
= 6667 pounds (T 15). The bending moment is 6667 X 9-75 
= 65 000 pound-inches, if the weight of rail, spikes and cross- 
ties be omitted as comparatively very small. For a unit stress 
of 800 pounds per square inch (^ 15) the resisting moment 
equals %oobd^ -=- 6. Assuming ^ to be 8 inches and equating 
the moments, d is found to be 7.8 inches. Ties 8x8 inches 
will therefore safely sustain all the loads, and they will be 
spaced 4 inches in the clear i^ 12), which experience indicates 
as preferable to 6 inches, the maximum allowed. Every 
fourth tie will be bolted to the stringers (T" 12), and the guard 
rails will be notched over the ties and bolted to them as speci- 
fied in T 13. The ties will be alternately 9 and 14 feet in 
length, a 2.inch plank walk two feet wide being laid on each 
side of the track. Track details not specified will be made the 
same as in the standard described in Art. 19. 

As the design of a plate girder is explained in detail in 
Chap. V, and a stringer is a plate girder of short span and 
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simple form, it will be necessary here to give only the results 
of the various steps in the computations and very brief, if any, 
descriptions of the methods employed. 

The live-load stresses are as follows : 



Distance of Sec- 
tion from End. 


Wheel at 
the Section. 


Maximum 
Bending Moment. 


Wheel at 
the Section. 


Maziroum 
Vertical Shear. 1 

1 


Feet. 




Pound-feet. 




Pounds. 


o 


• « 





5 


33940 


3 


5 


84 000 


5 


27 5S0 


6 


5 


130 500 


5 


21 520 i 


9 


4 


167 5C» 


5 


14 830 1 


10.58 


4 


171 750 


• • 


• • 


11.83 


4 

1 


169 500 


5 


9590 



These stresses were obtained from an equilibrium polygon 
including wheels i to 7 drawn on profile paper, Plate B, to 
scales of two feet to an inch and about 150000 pound-feet to 
an inch. The maximum moments and shears are found in the 
right half of the stringer, as the first driver is farther from the 
second than the distance between the other drivers. 

It may be of interest to the student to note the precision 
of the graphic method as compared with the analytic when 
the diagrams are drawn with reasonable care. By the analytic 
method if the distances on the tabulation diagram are ex- 
pressed in hundredths of a foot the value obtained for the 
absolute maximum moment is 171 580 pound-feet, while if 
they are given only to the nearest tenth of a foot the result is 
170750 pound-feet. A high degree of precision in stresses is 
not required for the purpose of design, but it is important to 
know the relative precision of the graphic method, which saves 
so much time in obtaining the stresses. 

The final estimate of the net weight of the plate girder in 



'Art. 49. FLOOR timbers and stringers. 145 

Art. 46 gave a weight per linear foot of 7.1/ pounds, / being 
the span in feet. Considering the difference in live load, the 
absence of all splices in a stringer and the difference in unit 
stresses, let the weight of one stringer be assumed at 6.3/ per 
foot. The weight of the stringer is then 3530 pounds, which 
added to one half the weight of the track for a panel length 
(•^ 23) makes the total dead load 8260 pounds. The live load 
transferred to the leeward stringer by .the wind pressure on 
the train is 300 X 23.67 X 8 -=- 6.5 = 8740 pounds. As the 
stringer is riveted to the floor beam throughout the depth of 
the former, the lever arm of the wind pressure will be at least 
8 feet. Theoretically it would be correct to take the lever 
arm as the distance from the center of pressure on the train 
to the mid depth of the stringer. The maximum moment due 
to tlie dead load and the load transferred by the wind is 
(8260-1-8740)23.67 -f- 8 = 50 300 pound-feet. The moment at 
1.25 feet from the middle of the span due to these loads is 
49 750 pound-feet, whence the total maximum bending mo- 
ment is 171 750 -|- 49 750 = 221 500 pound-feet. 

Approximate theoretic determinations of the economic 
depth, such as that of A. Jay DuBois in Transactions Ameri- 
can Society of Civil Engineers, Vol. XVI, page 191, show that 
the least weight depth is a little over one seventh of the span, 
and as the effective depth of a stringer is about one inch less 
than the depth of web, the depth of web on the basis of the 
least cost is about one ninth of the span. The depth shall 
preferably not be less than one tenth of the span (^ 36) or 
28.4 inches, and one ninth of the span is 31.6 inches. Further, 
for this panel length the economic depth of the floor beam is 
about the same as that of the stringer ; it is also desirable that 
the depth of the stringer should not exceed the distance be- 
tween the flange angles of the floor beam ; and deepening the 
floor beam increases the lengths of the posts of the truss for a 
given clear head room. Taking all these facts into account, 
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the web will be made 30 inches deep, giving an effective depth 
' of about 29 inches. 

The flange stress is 221 5CX) X 12 -7- 29 = 91 660 pounds, 
and the net flange area required {^ 42) is 91 660 -=- ScxDO (^ 30) 
= 1 1.44 square inches. The composition of both flanges (^ 35) 
is as follows {^^ 32, 58, 67 and 71, and Pocket Companion, 
pages 106 and 195 *) : 

2 angles, 5" X 34" X i", 2(4.00 — 0.50) = 7.00 sq. in. 
I cover plate, 12" X i'\ (12 — 2)J = 5.00 

12.00 
The center of gravity of the solid upper flange is 0.41 
inch below the backs of the angles; that of the net lower 
flange is 0.48 inch above the backs of the angles provided 
the section is taken through the rivet holes in the longer 
horizontal legs of the angles, and 0.29 inch when the section 
is taken through the rivet holes in the shorter vertical legs of 
the angles. If the angles are flush with the edges of the web, 
the effective depths (T[ 42) are 29.1 and 29.3 inches respectively. 
The net section required is reduced to 1 1.42 square inches for 
a depth of 29.1 inches. By taking into account the allowable 
relation of angles to web {^ 65) the effective depth might be 
made such that the cover plate could be reduced to a thick- 
ness of yV i^ch. The above section will, however, be retained 
in this example. In the case of a single cover plate it is pref- 
erable that the cover plate should not exceed the angles in 
tiiickness even though ^ 6y be satisfied. 

The maximum shear at the end is 33 940 + ^(8260 + 8740) 
=^42 440 pounds. It is considered that a unit shearing stress 
equal to two thirds or three fourths of the tensile stress is 
allowable in the web, hence the minimum thickness of f inch 

* The reason why the references in this chapter are made to the Pocket 
Companion, which now gives tables, for steel only, is that this design was 
almost completed before the issue of the edition of 1893, in which the tables 
relating 10 wrought iron were omiued. 
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allowed in the best practice will give sufficient strength. The 
specifications do not give the unit shear to determine web 
section. Applying the formula in ^ 43, the shear allowed 
before stiffeners are required is 3830 pounds per square inch. 
The web section after deducting one rivet for each flange is 
J0.5 square inches and the shear at the end is 42 440 — 10.5 = 




4040 pounds per square inch. Sti Teners will therefore be 
required at the end. The angles connecting them to the 
web of the floor beam will answer this purpose also. These 
two angles will be taken 3i X 34 X i inch. The duty 
Tvhich they have to perform is such that no definite com- 
putation can be made to determine their section. As the 
joints are a controlling factor in the durability of the bridge, 
it is essential that their parts have abundant strength. The 
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unit shear at a section 1.5 feet from the end is within the 
above Hmit of stiflfeners, nevertheless one stiflener will be 
placed at about 30 inches from the end to consist of one flat 
si X i inch and one filler of the same section on each side of 
the web. The plan and elevation of the stringers and their 
connection with the floor beam is shown in Fig. 35. 

The cover on the top flange will be continued to the end, 
but the lower one will be cut ofl where the net section will 
allow it. The distance of the center of gravity of the net 
section of the angles alone is i.oo inch above their backs; 
hence the effective depth for an upper solid flange with cover 
and a net lower flange with angles only is 3ao — (0.46 -f i.oo) 
= 28.5 inches and the corresponding bending moment is 
7.00 X 8000 X 28.5 -=- 12 = 133 000 pound-feet. This ordinate 
is found by m^ans of a diagram similar to Fig. 29 (Art. 36) to be 
at 4.1 feet from the end. After the rivet spacing is determined 
in the flanges the exact length of the cover plate will be found. 
This will now be done. 

The following table contains the simultaneous bending 
moments expressed in pound-feet in each pair of adjacent 
sections three feet apart when the live load is so placed as to 
produce the maximum vertical shear in the section nearer the 
middle. 



Distance of 

Section from 

Support. 


Load in Position for Maximum Shear at Sectioo. 


3' 


6' 9' 

1 


1 

11.83' 


Feet. 






















3 


84000 


65000 






6 




130500 


104000 


* 


9 






148 750 


123 750 ; 


11.83 




1 
1 


151 500 


Difference 

L ._.... 


84000 


65 500 44 750 

f 


27 750 j 
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After adding the corresponding differences due to the 
dead load and wind effect the maximunr) differences are re- 
spectively 106000, 81 600, 54050 and 30650 pound-feet. For 
an effective depth of 28.5 inches in the first two divisions and 
of 29.1 inches in the next two, the differences of flange stresses 
are 44 630, 34 350, 22 290 and 12 640 pounds. As these divis- 
ions are short let the weight of one driver as well as the track 
be considered as distributed over it. This is on the safe side 
as the flange stresses were obtained for the driver at the end 
of each division. This vertical load is 12600 pounds. The 
resultants of the horizontal stresses and vertical loads are 
46400, 36600, 25600 and 17900. The bearing value of a 
f-inch rivet in a f-inch web is 3940 pounds (If 39 and Pocket 
Companion, page 176). The average pitch of the rivets for 
each division (length = 36 inches) is found Ijy dividing the 
product of 3940 and 36 by the resultant, the results being 3.06, 
3.88, 5.54 and 7.92 inches. If these values be laid off as 
ordinates at the middle of each division, and a curve be drawn 
through their extremities, the ordinates to this curve will give 
the theoretic pitch at every point. Since the greater part of 
the weight of one driver may actually be concentrated on one 
cross-tie the pitch will not be allowed to exceed 4.5 inches. 
This pitch is found t 5.75 feet from the end, and to avoid 
changing the pitch more than once for the half girder, the 
pitch of 3 inches at the end will be continued to this section, 
then changed to 4.5 inches, and so continued to the middle. 

The location of the rivets on the drawing makes the half 
length of the lower cover plate 8 feet 5 inches, if 3 rivets in 
each row are added beyond the theoretic limit as given above. 

The number of rivets required to connect the end angles to 
the web of the stringer is 42440 -7- 3940 =11. In order to 
avoid bending the end angles, fillers of the same thickness as 
the flange angles must be placed under them. If these fillers 
are not riveted to the web independently of the rivets through 
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the angles the tendency is to bend those rivets and to over- 
strain the rivets at the end of the upper flange on account o{ 
the pressure of the fillers and end angles. This is avoided by 
widening the fillers and putting a row of rivets through them 
and the web outside of the angles. In this case the fillers will 
be 7 X i inch in section. The number of rivets required in 
the angles alone must be at least 42 440 -=-(2 X 4510) = 5. 
The spacing of these rivets cannot be determined until the 
floor beam is designed, as the rivets in the legs of each connect- 
ing angle must be staggered. 

Only one lateral system is required for stringers and is 
attached to the upper flanges. The Warren type of truss will 
be used {^ 29), and if the number of panels is made i^, 2J, or 
3i, the connections on both stringers will have the same relative 
position, which is an advantage in manufacture. As one and 
one half panels would in this case make the angle between the 
braces and stringers less than 40 degrees, two and one half 
panels will be taken. Taking the average -depth of stringer 
and track as 39 inches and the wind pressure on the stringer at 
30 pounds per square foot (T[ 24), the maximum stresses in the 
end brace are +4470 and — 4470 pounds. Increasing one by 
eight tenths of the other (1 37), the sum is 8050 pounds. The 

length of the brace is about 90 inches, hence the unit stress in 

90 
compression is 10 500 — 60—- = 3100 pounds for 4 X 3i inch 

angles {^ 33 and Pocket Companion, page 104). The area is 
8050 -T- 3100 = 2.60 square inches, which is furnished by one 
angle 4 X 3i X ^ inch. The same size will be used through- 
out. The angles will be riveted to the connecting plates by 
the 4-inch leg, which alone has a net section of 1.13 square 
inches. As the net section required by ^ 31 is 8050 -~ 15000 
(^ 30) z= 0.54 square inch, the angles satisfy this requirement. 
The rivets and connecting angles are shown in Fig. 35, J-inch 
field rivets being used througliout (^^ 39, 52, 57). 



. 
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The final estimate of the weight of the stringer may now be 
computed with the aid of the tables in the Pocket Companion, 
pages 38, 40, 41, 198-200, 261-264, remembering that steel is 
two per cent heavier than wrought iron. 

Pounds. 

4 angles, 5 " X Si" X f , 23' 6|" long. @ 13.4 lbs 1262 

I cover plate, 12" X i", 23' 6f" long, 

I cover plate, 12" X i", 16' 8" long, 

I web plate, 30" X I", 23' 6f" long. © 37.5 lbs 883 

4 flats (stiffeners). 3V' X f . 29" long. { ^ 3 j^s loi 

4 fillers, 3r X i". 23" long. f "* ^ 

4 connecting angles, 3^" X 3i" X f , 29" long, <^ 10.9 lbs 105 

4 fillers, 7" X i", 23" long. @ 11.7 lb 90 

One half lateral system : 

2i angles. 4" X 3^' X I", 6' 10" long, @ 8.9 lbs 152 

3 connecting plates, |" thick, 3 sq. ft., @ 15.0 lbs 45 

462 pairs of rivet heads, @ 0.444 lb 205 

Total 3648 

As the connecting angles, their fillers and rivets are. sup- 
ported directly by the floor beam and do not affect the stresses 
in the stringer, the net weight of stringer forming a part of the 
dead load is 3648 — (105 + 90 + 10) = 3443 pounds, which is 
less than the weight assumed. The gross weight per linear 
foot is 6.5/ pounds, and the net weight 6.2/. The weight of 
the stringer is divided as follows : 

Weight in Percentage of 
pounds. Total Weight. 

Flanges •. . . 2067 56.7 



'""•'l 80.9 

24.2 ) ^ 



Web ., 883 

Stiffeners . . loi 2.8 ) 

Connection with floor beam 195 5.3 f 

Half lateral system 197 5.4 ) 

Rivets 205 5 6 f 



3648 loo.o 1000 

By comparing this table with the one in Art. 46 it is seen 
that .the lateral bracing and rivets combined have about the 






"1 



1 
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same relative weight. The web details, including stiffeners and 
connecting angles, are in this case considerably less, the sum of 
the flanges and web being correspondingly larger. The most 
noticeable difference is in the relation between the flanges and 
web and indicates that it is too shallow for economy when this 
is based only on the weight of the stringer. 

In the following table are given the weights for designs 
made by changing the depth of web to 33 and 38 inches 
respectively : 



Flanges. 


For Web 


33" deep. 


For Web 38"dcip 


Weight. 


Percentage. 


Weight. 


Percenuge. 


Pounds. 
1818 
917 

324 
402 


51.7 
27.6 

92 

II.4 


Pounds. 

1567 
XI18 

374 
402 


45-3 


Web 


32.3 


Stiffeners and connections 
(web details) 

Half lateral system, and 
rivets 


10.8 
11.6 


Total 




3515 


99.9 


3461 


lOO.O 



For the web 33 inches deep the thickness of the flange 
angles and covers required is y\ inch, and for the depth of 38 
inches the thickness is ^ inch. In both cases the number of 
stiffeners needed remains the same as before. The saving iu 
. weight in the first case is 133 pounds or 3.7 per cent, and in 
the second case 187 pounds or 5.1 per cent. 

The weight of the flanges is approximately equal to the 
weight of the web and its details when the web is 38 inches 
deep as indicated by the table. As the thickness of plates and 
angles increases by one sixteenth of an inch, the weight of 
these two parts cannot usually be made exactly equal. The 
economic depth of the stringer, considered independently of 
the rest of the bridge, is therefore 38 inches. 
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Art. 50. Floor Beams. 

(The references to the Specifications are the same as for Art. 49.) 

For the computation of stresses the span of the floor beam 
is taken equal to the distance between the centers of trusses, 
or 16 feet. As stated in the preceding Article the stringers are 
to be riveted to the web of the floor beam between the iflange 
angles. For convenience in erection a bracket angle is riveted 
to the floor beam below the stringer. If this angle is attached 
by the flange rivets and it be assumed that the flange angles 
will be of the same size as in the stringer, the distance from 
the bottom of the flange angle to the top of the bracket angle 
(inverted) is 4^ inches. The end depth of stringer over all is 
30i inches. The depth of web of the floor beam must then be 
30^ + 4J + 3i + ^ small allowance for clearance between cover 
of stringer and upper flange angle of floor beam. Let the 
depth be taken as 39 inches. The floor beam carries, in addi- 
tion to its own weight, two concentrated loads 3 feet 3 inches 
from its center, each load consisting of the maximum sum of 
the reactions of the connecting ends of the stringers on both 
sides, including the weight of one stringer, one half the weight 
of track for a panel length, the live load, and the transfer of 
live load due to the overturning moment of the wind, this 
being a release of weight on the windward and an increase on 
the leeward side. The weight of one stringer and the track it 
supports is 3650 -}- 4730 = 9380 pounds. The center of press- 
ure of the wind on the train is 7 feet above the rail and about 
9 feet 3 inches above the center of the supports of the floor 
beams, hence the live load transferred is 300X 23.67 X9.25 -f- 6.5 
= 10 100 pounds. The maximum floor-beam reaction due to 
live load (see Art. 51) is 46600 pounds. The total concen- 
trated loads are then 45 880 and 66 080 pounds on the wind- 
ward and leeward sides respectively. The bending moment 
will be a maximum at the leeward load, and is 285 400 pound- 
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feet due to the concentrated loads alone. Assuming the 
weight of the floor beam at 2700 pounds, the moment due to 
this' at the same point is 4510 pound-feet, making the maxi,- 
mum bending moment 289910 pound-feet. If the effective 
depth is taken at one inch less than the depth of web the 
flange stress is 91 550 pounds and the net flange area required 
11.44 square inches. This being exactly the same as for the 
stringer, the composition of the flange will be the same, the 
true effective depth 38.1 inches, and the revised net flange area 
U.41 square inches. 

The bending moment due to all external loads Varies be- 
tween the end and the stringer connection as the ordinates to 
a straight line, and the curve of moments due to the weight of 
the floor beam is very nearly a straight line between the same 
points. The rivet spacing will hence be uniform for this divis- 
ion. The maximum difference of flange stresses is 91 310 
pounds. If the thickness of the web be taken as f inch the 
number of rivets required will be 91 310 -r- 3940 = 23.2, and 
the pitch 57 -T- 23.2 = 2.46 inches, which is below the minimum 
limit (ir 50). Let the thickness of the web be increased to ^ 
inch, changing the bearing value of a f-inch rivet to 4590 
pounds (Pocket Companion, page 176) and the pitch to 2| 
inches, which is allowable. Since the entire load is transferred 
to the floor-beam web in a width of 1 1 inches, the pitch will 
be made 3 inches, and extended to the inner side of the 
stringer connection. The difference in flange stresses between 
the stringers is so small that the pitch of rivets derived from 
it exceeds the maximum limit, hence the pitch will be made 6 
inches. The floor beam is shown on Plate IV and also in 

Fig. 35- 

The cover plate of the lower flange may terminate theoret- 
ically at the point where the moment equals 7.00* X 8000 
X 37-5 -^ 12 = 175 000 pound-feet. This moment is at a dis- 
tance from the end equal to 175 000 X 57-^-289910 = 344 
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inches, or 57 — 34.4 = 22.6 inches from the stringer. The 
length of the lower cover plate is 1 1 feet 4 inches after extend- 
ing it at each end to include two additional rivets in each row. 

The bearing value of a f-inch field rivet in a y\-inch web 
is 4596 X i = 3060 pounds (^ 39). If field rivets alone are 
used to connect the end angles of the stringer to the floor- 
beam web, 22 rivets will be needed since 66080 -r- 3060 =21.6. 
It is not possible to put 11 rivets in each connecting angle 
Mrithout using a pitch below the minimum limit. Filler plates 
-§■ inch thick will therefore be used on each side of the web of 
the floor beam. The strength of a field rivet in single shear is 
-45 10 X i = 3010 pounds, hence 1 5 rivets must be put in the two 

, . / , 938o+ioioo\ 
connectmg angles smce ^33 940 H ^ j-i- 3010= 14.5. 

Strictly the resultants of these shears and the horizontal reac- 
tions of the floor beam due to the direct pressure of wind on 
train and stringer should be found. This would make the 
number of rivets 21.9 and 14.6 respectively, differing but 
slightly from the preceding values. As the wind pressure, 
however, mainly affects the upper rivets, and the deflection of 
the stringer has a similar effect, an excess of rivets should be 
provided. They will be arranged as follows : 8 rivets are to 
unite each angle to the floor beam, and 7 to connect the angles 
to the stringer web, exclusive of the two in the flanges, these 
two sets being staggered ; 5 will be placed in the fillers on the 
stringers, and 7 in each row of the fillers on the floor beam. 
This gives 12 for the stringer web, 1 1 being required. Of tlie 
30 in the floor-beam web the 14 in the fillers can be shop rivets 
whose combined strength is 14 X 4590 = 64 260 pounds, or 
almost the full load. This gives the field rivets a bearing 
strength greater than the double shear. 

Whenever the bracket angles are placed above the flange 
angles, the rivets in them may also be counted as part of the 
stringer support. 
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In the angles connecting the floor beam to the posts the 
number of rivets attaching them to each post is (600804- 1350) 
-r- 3010 = 21 on the basis of shear. With a pitch of 3 inches 
1 1 can be put in each angle, and when the posts are designed 
it must be arranged so that the bearing strength shall be suffi- 
cient. The number of rivets connecting the angles to the web 
of the floor beam must be 61 430 -~ 4590 = 14. The number 
of rivets in the angles alone must be at least 61 430 -f- (2 X 4510) 
= 7. As these must stagger with the preceding rows of 11 
rivets, 10 will be put in the angles, excluding the two in the 
flanges, and 7 in the fillers. The angles are 3i X 3i X i inch 
and the fillers 7 X i inch. 

No stiffener will be required in the outer division of the 
floor beam, as the distance between the fillers will be equal to 
the depth of the web provided the posts are 7 inches wide, and 
they will probably be 9 or 10 inches wide. If a stiffener were 
required it would be placed diagonally across the web, from 
the top of the stringer to the bottom of the post connection. 

The unit shear in the web may now be found {^ 42) since 
the number of rivets in any section is known. The area of the 
section at the stringer connection is yV(39 "" ^^) = 12.69 square 
inches, and the unit shear is (60080 — 770) -r- 12.69 = 4^70 
pounds, the approximate weight of the segment of the floor 
beam outside of the stringer being 770 pounds. 

Weight of one floor beam : 

Pounds. 
4 angles, 5" X sf X f. 15' 2" long, @ 13.4 lbs 813 

I cover plate, 12'' X i", 15' 2" long, | ^ 

, „, >-@ 20.0 lbs 530 

I cover plate, 12" X i , n 4 long, ) ^^ 

1 web plate, 39" X y^y ', 15' i J" ^ong. @ 56.9 lbs 863 

4fiilers, 15" X I", 32" long, @ 18.75 lbs 200 

4 bracket angles, 3 J" X 3i" X V» 14" long. @ 10.9 lbs 51 

4 connecting angles, 3^" X 3^" X i", 38" long. @ 10.9 lbs.. 138 

4 fillers, 7" Xf, 32" long, @ 11.7 lbs 125 

362 pairs of rivet htfads, @ 0.444 lb 161 

Total 2S8i 
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As the end angles and fillers are directly supported by the 
posts and do not affect the stresses in the floor beam the net 
■weight of the beam is less than its assumed weight. 

Weight in 
pounds. Per cer: 

Flanges 1343 46.6 

Web 863 29.9 

Web details 514 17.9 

Rivets 161 5.6 

Total 2881 loo.o 

As the weight of the flanges is about equal to the weight of 
the web and its details, the total weight is about the minimum. 
Nearly three fourths of the rivets belong to the flanges. 

Art 51. Stresses in Trusses. 

(See paragraphs 23, 24, 29, 34 and 38 of the Specifications in Art. 48.) 

The following data and dimensions are tabulated below for 
■convenient reference : 

Span, center to center of end pins 142' o'' 

Depth between centers of chords 26' 6'' 

Width between centers of trusses 16' o" 

Number of panels 6 

Panel length 23.667'= 23' 8" 

Length of end post, c. to c. of pins, 35.530' = 35' 6^^" 

<? = 4i°46' »'= 55° 56' 

tan. 6^ = 0.893 tan. ^' = 1-479 

sec. = 1. 341 sec. 0' — 1.785 

The angle which the diagonals of the truss make with the ver- 
tical is 0, and that of the diagonals of the lateral bracing with 
the struts is 0\ The opposite truss has the same letters, but 
primed. 

The total dead load per linear foot for one truss will be 
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taken equal to 600 -^61 pounds, / being the span in feet. This 
gives a dead panel load of 17 180 pounds, of which one third, 
or 5730 pounds, will be applied on the upper chord, and the 
remainder at the panel points of the lower chord. 

The specified wind load for the upper lateral bracing (^ 24) 
will be considered as equally divided between the windward 




S 



f 



g 



d 
Fig. 36. 

and leeward chords, giving a wind panel load of 1775 lbs. for 
each chord. For the lower lateral system the same panel load 
on each chord is treated as a fixed load (the wind pressure on 
the truss), and the wind pressure on the train is similarly 
divided and treated as a moving load (1" 24). The latter panel 
loads are 3550 pounds. 

The wind panel loads on the upper chord not only strain 
the lateral system, but tend to overturn the bridge. The lat- 
eral system transfers the intermediate panel loads to the wind- 
ward ends of the portal struts. The axis of rotation passes 
through the supports of the leeward truss. . As the center of 
pressure on the upper half of the bridge* is really somewhat be- 
low the upper chord and the support is about a foot below the 
lower chord, the lever arm of the wind load will be taken equal 
to the depth of the truss, or 26.5 feet. The overturning mo- 
ment IS then 5 X 177S X 26.5 = 235 190 pound-feet for each 
half of the bridge. The same stresses in the trusses will be 
reproduced if the wind loads are replaced by two couples each 
one consisting of an upward force applied at the windward end 
of the portal and a downward force at its leeward end, each 
force being equal to 235190-7- 16= 14700 pounds. These 
loads will cause stresses in the chords and end posts only. 
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The wind pressure on the train likewise tends to overturn 
the bridge about the same axis. The vertical distance from the 
center of pressure to the axis is estimated at 12.5 feet. The 
stresses in the trusses will be the same if these wind loads be 
replaced by a vertical load at each lower panel point equal to 
2 X 3550 X 12.5 -J- 16 = 5550 pounds, upward on the windward, 
and downward on the leeward, truss. It must be remembered 
that these overturning moments of the wind always act in con- 
junction with the dead and live loads, and that they practically 
transfer some of these loads from the windward to the leeward • 
trusses. The stresses in both trusses due to this cause are then 
equal in magnitude but opposite in character. For a freight 
car the center of pressure of the wind is about 7 feet above the 
rail, and for a wind pressure of 300 pounds per linear foot the 
car must weigh over 860 pounds to avoid being turned over. 
The 35-foot box cars of 60000 lbs. capacity of the Michigan 
Central Railroad weigh 27850 pounds when empty, and a pres- 
sure of 280 pounds per linear foot would overturn them. 

The stresses in the trusses and lateral systems are given in 
the following tables : 



1 

 


End Post. 


Upper Chord. 


Lower Chord. 


1 


aB 


BC 


CD 


ab 


be 


cd 


' Dead load 


- 57600 

— 132 xoo 

- 19700 
+ 19700 

— 18600 
+ 18600 


— 6r 400 
-134900 

— T3 lOO 

+ 13x00 

— 19 800 
-f 19800 
+ 

— 7900 


— 69000 
-154200 

— 13 100 
+ 13 100 

— 22 300 
+ 22 300 
+ 7900 

— X0500 


+ 38400 
+ 88000 

+ 13x00 

— 13 100 
+ la 400 

— 12400 

4 

— 13 fOO 

+ 

— 26 300 


+ 38400 
+ 88000 

+ 13 100 

— 13 100 
+ 12 400 

— 12 400 

+ 13 »oo 

— 21 000 
+ 26 300 

— 42000 


+ 61 400 
+X34900 

+ »3 100 

— 13 100 
4 19800 

— 19 800 
+ 21 000 

— 23 600 
+ 42 000 

— 47300 


Lire load 

• 

' Wind overturoing : 

On truss, east. .., 

1 On truss, west 

On train, east 


On train, west 


Wind on truss, east 

Wind on truss, west 

1 Wind on train, east 


Wind on train, west 


t Maximum stress 


-228 000 
- 37900 


—229 200 
— 56 200 


—250 700 
— 66 400 


+151 yoo 

+ 12 200 


+ 191 300 
+ 4 300 


+292 200 
+ 24700 


Minimum stress 





i6o 



DESIGN OF A PIN TRUSS BRIDGE. CHAP. VL 



I 


Main Ties. 


Counters. 


Verticals. 1 

# 


Be Cd 


De 


£/ 


Bi 


Cc 


Dd 


Dead load 


+ 34500 
+ 86900 

4- la 400 
— xa 400 


-i- XI 500 

+ 50300 

+ 7400 
- 7400 


— II 500 
+ 23700 

+ 3700 

- 3700 


- 34500 
+ 6900 

+ X aoo 
— 1 900 


-4 II 500 
+ 46600 

+ 5600 
— 5 600 


- 14300 

- 37500 

- 5 600 

+ 5600 


[- 5700] 
+ 9 900 


Live load 

Wind overturning:: 

On train, easL... 

On train, west. . . 


- 17700 

— 9800 
+ 9800 


Maximum stress. . . 
Minimum stress ... 


-f«33 8oo 
-j- »7 xoo 


-f- 69 aoo 



+ 15900 







+ 63700 
+ XI 500 


- 57400 

- S 700 


— 17 600 

- 5700 





Upper Lateral Bracing. 


Diagonals. 


StniU. 


BC 


cjy 


BB' 


CC 


Diy 


Wind on truss 

Initial tension 


+ 9500 


+ 3900 


— 9700 

- 4900 


— 3600 

— 8400 


— 1800 
— 8040 





Lower Lateral Bracing. 


Diagonals. 


Struts. 


ak' 


be' 


cd' 


bb' 


ce 


dd* 


Wind on truss 


+ 15 Boo 
4- 31 700 


+ 9500 
+ ai 100 


+ 3aoo 
+ 13700 


— 7 100 

- 15400 


— 3600 

— 10600 


— 1800 

-7900 


Wind on train 




ToUl 


+ 47500 


+ 30600 


+ 15900 


— 92 500 


— 14 900 


— 9000 





As the counter Ef is not required, the stresses in it with 
their signs changed will occur in Be when the live load comes 
on from the left, making the minimum stress in Be equal to 
+ 34 500 "- 6200 — 1200 = + 27 100 pounds. COOPER'S Spe- 
cifications do not require the minimum stresses in proportion- 
ing the members, but they are given here to show the ranges 
of stress. 

The initial tension in the upper lateral struts is computed 
as required by TTf 34 and 96. If the area of the adjacent 
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diagonals were determined by the unit stress of 15 ocx) pounds 
(^ 30) it would in this example give rods less than f square 
inch in section, hence the initial tension in each of them will 
be 75CO pounds. 

In Art. 31 was described the graphic method of finding, by 
means of a load line, the position of the live loads producing- 
maximum moment. As there stated, the same method and 
criterion apply alike for trusses -and girders. The values of 
the moments for trusses are usually obtained without drawing 
the closing lines, by reading off the ordinate at the right sup- 
port, multiplying this by the ratio /' -=- /, and subtracting the 
ordinate at the center of moments whose value was marked on 
the moment diagram when it was constructed and hence need 
not now be read by scale. For instance, the member BC 
(Fig. 36) has its center of moments at c. When wheel 8 is at 
c the live load will produce the maximum moment. Placing 
the truss diagram (similar to that in Fig. 23) over the moment 
diagram (similar to Fig. 22) the ordinate at the right support 
reads 15 550 thousand pound-feet, and the ordinate at c is 
1607.4 thousand pound-feet. The moment is then found to 
be (f X 15 550) — 1607.4 = 3575.9 thousand pound-feet, and 
the stress in BC = 3575-9 -r- 26.5 X 1000 = 134900 pounds. 

In Part I, Art. 60, the criterion for the position of the live 
load producing the greatest shear in any section of the truss 

was found to be P^ = — W. in which JV is the whole load on 

the truss, P^ the wheel loads (one or more) on the panel cut by 
the section, and m the number of panels in the truss. JLet 
this equation be transformed into IV = mP\ When the truss 
diagram is placed on the load line the value of H^can at once 
be read off at the right support for any given position of the 
truss with respect to the loads. If wheel 2 be placed just on 
the right of a panel point IV must equal mP^, and if just a 
little to the left of the same panel point then IV must be 
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m{P^ + ^0' The condition will therefore be satisfied if wheel 
2 is at the panel point and the value of W is found to lie be- 
tween the values mP^ and /«(/*,+/',), and similarly for any 
other wheel. In this example w = 6, P, = 75CX) pounds, and 
P^z= P^=z P^=z 12 000 pounds per truss. The following table 
is then arranged : 

Wheel at Panel Point. Corresponding Values of IV, 

I o — 45 000 

2 45 000 — 117000 

3 1 17 000 — 189000 

By placing a wheel at a given panel point it can be seen at a 
glance whether the position satisfies the condition. 

If M^ is the ordinate to the equilibrium polygon at the 
right support, M^ that at the right end of the panel cut by the 
section, and p the panel length, the vertical shear in the sec- 
tion is 

~r'~'p " 1 ' 

The values of M^ and M^ are read off from the diagram. 
For the post Cc the wheel 3 is at d, M^ = 6360, M^ = 172.7, 
both in thousand pound-feet, ;;/ = 6 and /= 142 feet ; whence 
F= (6360 — 6 X 172.7) -5- 142 X 1000 = 37 500 pounds, and 
the stress is — 37 500 pounds. 

The maximum floor-beam reaction or stress in the sus- 
pender Bb due to live load is conveniently found as follows: 
In Fig. 36 let R^ be the stringer reaction at a, and R^ the sum 
of the adjacent stringer reactions, or the floor-beam reaction, 
at 6. Let P be the whole load on the two equal panels ab and 
ic, and ^ the distance of its center of gravity from c ; let P' be 
the load on ad, and ^' the distance of its center of gravity from 
6. Since the sum of the moments of loads and reactions about 

i is zero, 

Rap-P'g = o, or R.p^P'g'. 



• 
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Taking moments about c, 

Substituting and reducing, 

Pg^z P'g' 
R, = J • 

If the loads be moved a distance dx to the left, both g and g' 
will receive an increment dxj and Ri, an increment 

,_, Pdx - 2P'dx 
dRi = . 

/ 
Placing the derivative equal to zero gives 

That is, when the live load in both panels is double that in the 
panel ab the resulting value of Rj, is a maximum. This is the 
same condition as for finding the maximum bending moment 
at the middle of the girder whose span is ac. 

The use of the load line gives the position very quickly, and 
the moments Pg and P'g' can be read off on the moment 
diagram. If M^ be the moment ordinate at c, and Mj, that at by 
the value of R may be more conveniently expressed and re- 
membered as 

M, - 2 M, 

Kf, = . 

In the case of bridges where the two panels at the end, p^ 
and /„ are not equal the value of R^, deduced in a similar 

manner is 

p^M,^{p,+p,)M. 
^^ ~ ITT. ' 

the criterion for loading being that which produces a maximum 
moment at ^ in a girder whose span is aCj /, being the length 
ab, and /, the length be. 

The transverse or sway bracing of the trusses will consist 
in uniting the intermediate posts to the lateral struts by a 
bracket having a solid web (see Plate IV). An outline dia- 
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gram is given in Fig. 37. As the posts are fixed at both ends, 
so far as transverse flexure is concerned, their points of inflec- 
tion are midway between the floor 
beam and the bracket, or about 
13.5 feet from D and D'. The 
horizontal reactions may therefore 
be considered as applied at those 
points. The vertical reactions 
equal 2 X 1775 X 26.5 -^ 16 = 
5880 pounds. The bending mo- 
ment to be resisted by the bracket 
isJ/= 1775X13.5 = 23960 pound- 
feet. The maximum bending 
moment in the post is at L and 
^^^' 37- equals 1775 X 9 = 15 975 pound- 

feet. That in the strut DD' is at K when the forces on the 
left are considered and equals 1775 X 13.5 — 5880 X 1 1.5 = 
43 660 pound-feet. The direct stresses in the members are 
given in the preceding table. The computations just made 
assume that the upper lateral system is not acting. This 
assumption is usually made to furnish some convenient basis for 
ascertaining the additional stresses to be used in proportioning 
the members which are employed to secure the transverse 
stiffness of the bridge. 

The clearance at 20 feet above the base of the rail is gen- 
erally specified as 6 feet wide, and the portal bracket may be 
taken so that the vertical projection of a tangent to its inner 
edge has a slope of about 45 degrees. 

It is estimated that the lower end of the portal strut is 
about 8.0 feet from the upper pin of the inclined end post. 
The post is 35.53 feet long. It is proposed to use an end 
floor beam and to attach it rigidly to the end post. This will 
extend to a point about 4.5 feet above the lower end of the 
post. If the point of inflection be taken half way between 
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these points it will be about 19.5 feet from the upper end of 
the post. The wind load is 7100 pounds at the windward end 
of the portal strut and 1775 at the leeward end. Assuming 
both supports to react equally, each horizontal reaction is 
4437.5 pounds, and the reactions coinciding with the axes of 
the end posts are equal to 8875 X 35-53 -r- 16 = 19708 pounds. 
The maximum bending moment in the end post is then 
4437.5 X (19.5 — 8.0) = 51030 pound-feet. The bending 
moment in the portal strut is a maximum at the end of the 
portal bracket, which may be taken at 3.5 feet from the middle 
of the strut. At this point its value is 4437.5 X 19.5 — 19 708 
X 1 1.5 = 140 1 10 pound-feet. 

The stress in the end lower lateral strut at the free end of 
the bridge equals the horizontal reaction of the windward shoe 
due to the wind loads, minus the friction of this shoe, the 
coefficient of friction being taken at one fourth. If the adja- 
cent lower lateral were adjustable the component of its 
initial tension would also be added. The vertical load on the 
shoe IS the weight as reduced by the overturning moment of 
the wind. 

When the bridge is empty the stress in this strut aa! 

(Fig. 34) is (2i X 1775) + (5i X 1775) - i(2i X S730 + 3 X 
II 450 — 14700) = 14 200 — 8490 = 5710 pounds, and when 
a train weighings 860 pounds per foot covers the bridge the 
stress is 5710 + 5i X 3SSO — Kso 530 — 3 X 5550) = 21 770 
pounds. At the fixed end the stress may be taken at one half 
the shear in the end diagonal of the lower lateral system or 
2i{i775 + 3550) = 13 310 pounds. 

Art. 52. Sections of Intermediate Posts. 

(See paragraphs 33. 41, 47 and S3 of the Specifications in Art. 48.) 

The column formulas given in ^^33 are to each other as 
I, 2, and 1.5 for live, dead and wind stresses respectively. 
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It will therefore be most convenient to reduce the stresses to 
equivalent live-load stresses, and use the corresponding formula. 
The total equivalent live-load compression in the post Cc is 

4(14 300) + 37 500 + 1(5600) = 48 400 pounds. 

The length of the post is 26.5 feet, or 318 inches. Let a section 
be tried consisting of two lo-inch channels with their webs 
parallel to the plane of the truss. The pocket book gives the 
following data concerning a form which is rolled to any weight 
between the limits given : 

W * ht Area Moment of Inertia. Radius of Gyration. 

35 10.5 121.2 3.40 

17.5 5.2 77.0 3.83 



Difference, 17.5 5.3 44.2 0.43 

Let the value of r = 3.7 be tried. This gives an average 
equivalent live-load unit stress for the post of 

• 7000 -- 40 - — = 3560 pounds 

37 

and an area for one channel of ^(48 400 -^ 3560) = 6.8 square 
inches. 

By interpolation the elements corresponding to an area 
of 6.8 square inches are : weight, 22.8 ; /, 90.3 ; and r, 3.70. 
As this value of r agrees with that assumed no modification is 
necessary. The flanges of the channels will be turned inward 
as this gives the most economical section. The moment of 
inertia /' of one channel with respect to its neutral axis 
parallel to the web is 3.2, the center of gravity being 0.67 
inch from the outside of its web. Let // be the distance 
from this neutral axis to a parallel axis through the center of 
the posts, with respect to which the channel is to have a 
moment of inertia equal to /, and since / = /' -|- AlC^ in which 
A is the area of the channel, 90 3 = 3.2 + 6.8A', whence h = 
3.58 inches. The post would be equally strong in both direc- 
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tions under the given direct stresses when the distance back 
to back of channels is 2(3.58 -{- 0.67) = 8.5 inches, provided 
the length of the column were the same for flexure in both 
directions. For bending transversely with respect to the 
truss, the effective length is the clear distance between the 
floor beam and the bracket, since the latter has a solid web. 
But the post is to be designed to take a bending moment of 
15 975 pound-feet at a point 4.5 feet below its upper extremity 
{Art 51). As the column formulas in T 33 are not adapted 
for use in combining in a rational manner the unit stress in 
the outer fiber of a column due to the longitudinal pressure 
and the flexural unit stress produced by a lateral force, 
some other method must be employed. It will be on the 
side of safety to disregard the difference in lengths just 
referred to and to make the moment of inertia /, of the post 
equal to the sum of its moment of inertia / considered as a 
column, and its moment of inertia I^ when treated as a beam 
subject to the above bending moment (T^ 41). 

J _Mc _ 15975 X 12 X 5.1 _ ^, , 
^* ~ "5" ~ T^^ "" ^^-'^ 

€ being one half the assumed distance back to back of the post 
channels (and which must be somewhat larger than one half 
of 8.5 inches), and 5 the allowed unit stress in the outer fiber 
due to wind (T" 33). /, for one channel is 93.1 -r- 2 = 45.6, and 

/, = /+ ^i = 9<^-3 + 45-6 = 3-2 + 6.8A", 
whence h = 4.44 inches. The value of c is then 4.44+0.67 = 
5. 1 1 inches, which agrees with the value assumed above. The 
distance back to back of the post channels is hence loj- inches, 
but considering the difference of length mentioned above and 
the fact that the bending moment occurs at a distance of 
nearly 9 feet from the middle of the post, the distance may 
safely be reduced to 10 inches. 

If the webs of the channels were placed perpendicular to 
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the plane of the truss the required moment of inertia for one 
channel would be 90.3 + 45.6 = 135.9, which exceeds that of 
the largest 10-inch channel. 

For the post Dd the required area of one channel is 2.6 
square inches for r = 3.62. This is less than the smallest 10 
inch channel listed in the handbook, but this shape will be 
taken. The corresponding value of /is 2.6(3.62)' = 34.1. As- 
suming ^ = 4.5 inches, /^ = 42.0 for one channel, /, = 75.2 and 
h = 3.90, whence c = 3.90 + 0.55 = 4.45 inches, which agrees 
closely enough with its assumed value. The backs of channels in 
this post must then be placed 9 inches apart, or farther if other 
considerations require it. The weight of these channels is 16 
pounds per foot. If 9-inch channels are tried, the following 
results are obtained for one channel of each post. For Cc 1 
weight = 26.7, area = 8.0, /= 78.0, r = 3.19, /' = 3.7, /, = 
119.1, ^ = 4.50; and for Dd\ area required = 2.86, 7=31.5^ 
actual area of least section = 4.3, weight = 14.5, r =3.32, /' ^ 
2.0, /, = 74.4, c = 4.68. 

The comparative weights for one truss are : 

For lO-inch channels: 2 X 22.8 + 16.0 = 61.6 pounds. 

For 9-inch channels: 2 X 26.7+ 14-5 = 67.9 pounds. 

As the latter size would require about 10 per cent more iron 
than the former, the lO-inch channels will be used. Their webs 
have a thickness of 0.45 and 0.32 inch, and their flanges are 
2.64 and 2.51 inches wide respectively. The arrangement of 
the lattice bars, batten, or stay plates, pin plates and other de- 
tails of the posts will be treated under separate topics later. It 
may be stated here, however, that the inside width of channels 
required by the angles and diaphragm or web uniting them at 
the connection with the floor beam must also be considered in 
some cases in selecting their size. 
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Art. 53. Sections of Ties and of Lower Chord. 

(See paragraphs 30, 32. 38, 41, 45 and 79 of the Specifications in Art. 48.) 

Most of the tension members of a pin-connected truss are 
made in the form of eyebars. The ratio of the thickness to the 
width of the body of the bar varies from about i to J, the latter 
ratio being approached as the number of bars in the same panel 
increases^ 

The equivalent live-load stress for the main tie Be is ^(34 500) 
-\- 86900 + 1(12400) = i 12 400 pounds, and the area required 
II 2 400 -^ 8000 (T30) = 14.05 square inches. Two eyebars 
5 X IjV inches give 14.38 square inches (Pocket Companion, 
page 193). Similarly the area required for Cd is 7.63 square 
inches and the section may consist of two bars 5 X |f inch 
= 8.12 square inches, or two bars 4X1 inch = 8 square in- 
ches. The latter section has the better proportion and will be 
used. Decreasing the width of diagonals toward the middle of 
the truss also gives a better appearance than if all had the 

same width. The stresses in the counter De (= Dc) require an 

^ , II 500 , , 2 . „ 

area of ( 1- 23 700 + - X 3700) -?- 8000 = 2.55 sq. in. 

(T 45)' The ** counter live load ** referred to in the specifica- 
tions would require 2.96 square inches, but the minimum area 
is to be 3 square inches. The section of counters is preferably 
square and they have to be upset for the sleeve nuts used to 
adjust them. One bar i}" square gives an area of 3.06 square 
inches, or two bars i^" square give 3.12 square inches (Pocket 
Companion, page 203). The single bar will be used. 

In order to reduce the effect of impact it is desirable to 
make the suspender B6 a member capable of resisting compres- 
sion as well as tension, thus giving it the composition of a post. 
Its net section is 7.48 square inches, the unit stress being l^ss 
for shapes than for eyebars {^, 30). Its connection with the 
floor beam requires two rivet holes to be deducted from the 
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section of each channel. The lightest loinch channel has a 
web 0.32 inch thick, giving a net section for each channel of 
4.8 —0.64 = 4.16 square inches. Above the floor beam con- 
nection the rivets are in the channel flanges, giving a net sec- 
tion of 4.8 — 0.70 = 4. 1 square inches. These channels weigh 
16 pounds each per foot, and will be used. In a short span like 
this it is desirable to have all the posts composed of the same 
depth of channel to secure uniformity in the details. 

The minimum stress in the lower chord be is only 4300 

pounds. If adjustable rods were used for lower laterals, the 

component of their initial tension would v^ry probably exceed 

this amount and so cause compression. As it is proposed to- 

use angle irons for laterals that reason will not apply in this 

case, but in order to increase the rigidity of this part of the 

bridge the lower chord in the first and second panels will be 

made a continuous member capable of taking compression. A 

convenient section consists of two flats and four angles united 

by lattice bars along tbe neutral surface. This arrangement 

has an advantage in a tension member in having the area of 

the angles near the neutral surface, while if channels were used 

a considerable part of this area is farther away. The combined 

wind stresses in be amount to 64900 pounds, or more than half 

of the sum of the dead- and live-load stresses (T 38). The area 

for dead and live load only is 

38400 , 88000 . , 

^—^ = 14.30 square inches, 

15000 7500 

making the average unit stress (38 400 + 88000) -^ 14.3 = 8840 

pounds per square inch. Increasing this by 25 per cent, the 

net area required is 191 300 -7- 11050= 17.32 square inches. 

The weakest section has two rivet holes in each flat and one in 

each angle. The composition of the section is then as follows : 

2 flats, 12" X i", 2(6.0 — i.o) = 10.00 sq. in. 

4 angles, 3^" X 3" X f, 4(230 - 0.375) = 7.70 

Total net area I7-70 
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For the chord cd kn area of 24.65 square inches is required. 
Two eyebars 6 X I3V inches, and two bars 6 X i inch will 
give 24.76 square inches, or 4 bars 5 X i^- inches will give 25.00 
square inches (Pocket Companion, page 193). The bars 6 inches 
wide will pack into a chord i J inches narrower than the 5-inch 
bars (T" 79), but when the stress due to their weight is taken 
into account (T41) it will require an increase of section for the 
6-inch bars, bat not for the 5-inch bars. The unit stress used 
was 1 1 850 pounds per square inch, which when increased 10 
per cent amounts to 13035 pounds. The unit stress due to the 
weight of the bar for a depth of 5 inches is 1250 pounds 
(Art. 17). Hence the actual unit stress is (292 200 -j- 25.00) -f- 
1250= 12940 pounds per square inch, which is within the allow- 
able limit. For the 6-inch bars the unit stress is (292 000 -r- 24.76) 
-j- 1280 = 13080 pounds, which exceeds the limit. Four bars 
6 X l^V inches with a sectional area of 25.52 square inches 
would therefore be required to satisfy the condition of ^ 41. 
The 5-inch bars will be selected since they are lighter and also 
since it will reduce the number of widths of eyebars to be 
manufactured. 

 

Art. 54. Pins and Eyebar Heads. 

(See paragraphs 40, 73, 77, 78 and 79 of the Specificaiions in Art. 48.) 

In trusses of short spans the pins are made of the same 
diameter throughout, the advantage of uniformity in details, 
depending upon them, more than counterbalancing the addi- 
tional material required in the pins themselves. The allowed 
unit stresses for shear and bearing in ^ 40 refer to all members 
excepting eyebars, while the first part of ^f 79 refers to eye- 
bars. The size of the pins will be determined by that required 
at the panel point d. 

The stresses in all the members meeting at ^to be used in 
finding the bending moment in the pin must be simultaneous 
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stresses, the position of the load being that which produces the 
maximum moment in the truss at the panel point d. The 
required position of the live load places wheel I2 (second 
driver of second engine) at d^ the live-load stresses being as 
follows: In cd, 134400; in de^ 133700, in Cd^ 29700; and in 
Ed^ 30800 pounds. The stress in CV/due to the overturning 
moment of the wind on the train for a load covering the whole 
bridge is 3700 pounds, and that in Ed is the same. The stresses 
due to other loads remain the same as given in the table in 
Art. 51. The horizontal components of the total stresses in 
the diagonals, for this position of the live load, are : Cd^ 29900, 
and Ed, 30600 pounds; while their vertical components are 
33500 and 34300 pounds respectively. The corresponding 
pressure of the post on the pin is 67 800 pounds, and the 
stresses in the chords cd and de are 291 700 and 291 000 pounds 
respectively. 

The horizontal forces in the chords and diagonals produce 
flexure in the pin in a horizontal plane, the bending moment 
being designated by J/*, while the vertical forces in liic 
diagonals and post produce a moment J/,, their resultant 
being J/ = VM,^ -{-M^. In order to reduce il/; the eyebars 
of the diagonals are placed next to the post. The chord bars 
alternate in direction, the oi>€ next to a diagonal having the 
same direction as the latter. The arrangement, or packing, of 
one half of the eyebars and shapes meeting at d is indicated 
in Fig. 38. A clearance of y^ inch is allowed between eye- 
bars, and ^ inch between an eyebar and the post. The straight 
sides of the equilibrium polygon are drawn by considering the 
stresses applied at the centers of the bearings against the pin 
(^ 40), while the curved lines show the form of the moment 
diagram when the stresses are regarded as uniformly distributed 
on the bearings. The curves are parabolas, the points of tan- 
gency lying in the verticals through the sides of the eyebars 
(Part II, Art. 10). The diagram was drawn full size for the 
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linear measurements, and the pole distance made equal to 
50000 pounds. The ordinate inside of the post bearings 
(^where M^ is a naaximum) measured 3.51 inches, making J/^ = 
3-Si X 50000= 175 500 pound-inches. J/, = 17 150 X 2.22 + 
It) 750 X 1. 16 = 57600 pound-inches, whence Af = 184700 
pound-inches. Referring to the Pocket Companion, page 
173, it is found that an iron pin 5^^ inches in diameter is 
needed, or a steel pin 4} inches in diameter (1^ 118), the unit 
stress for the latter being 18000 pounds per square inch. As 
pins are manufactured in diameters varying by \ inch and must 




be finished by turning them down -^^ inch, the iron pin would 
be finished from a diameter in the rough of 5^ inches and the 
steel pin from 4f inches. The maximum value oi M^,^ how- 
ever, is given by the ordinate at the outer edge of the diagonal 
dE, which measured 3.82 inches. This makes Mi, = 3.82 X 
50000 = 191 000 pound-inches, which also equals Aly since at 
this point M^ = o. This then is the maximum value of M, 
which requires a 4||-inch steel pin, and this finished size will 
be selected. It will be observed that this diameter exceeds 
two thirds of. the depth of the largest eyebar (T 79). 
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If the position of the diagonals had been reversed, placing 
one adjacent to a chord bar extending in the opposite direction, 
the value of M^, would have been increased to 208 500 and M 
to 216300 pound-inches, thus requiring pins of J inch larger 
diameter. The corresponding change in the equilibrium poly- 
gon is shown by the broken line k'l'm in Fig. 38. 

Were the stresses in the diagonals disregarded and the 
maximum stresses in cd SLXid de (= 292200 pounds) considered 
simultaneous, the resulting bending moment in the pin would 
be 191 800 pound-inches, which requires a steel pin ^\\ inches 
in diameter. 

If the allowed bearing stress of 12000 pounds were applied 
to eyebars the pressure per linear inch in one of the four eye- 
bars in cd would be (292 200 ~ 4) -f- 1.25 =58440 pounds,, 
which would require a 4j-inch pin (Pocket Companion, page 

174). 

If the eyebars were 6 inches deep instead of 5 inches, the 
maximum bending moment on the pin would be 165 500- 
pound-inches, the corresponding diameters of pins being 4J 
inches for iron and 4-j^ inches for steel. The entire joint would 
be i^ inches narrower than for 5-inch bars. These results are 
given simply to show the comparative effect of changes in the 
dimensions of the parts connected by the pin. 

The section of the head of the eyebar depends upon the 
ratio of the diameter of the pin to the width of the bar and 
upon the radius of the curve of its neck, as well as upon the 
relative tensile and compressive strengths of the material of 
which it is composed. The radius of the neck should be large 
enough to transmit the stress by an easy curve, and should not 
be less than the diameter of the head. Specifications usually 
require (Tf 73) that the bar, if tested to destruction, shall break 
in the body of the bar and not in the head. The excess of 
section in the head over that in the body varies from 30 to 50 
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per cent, though generally the higher limit is about 40 per 
cent. These values are the result of numerous experiments. 
In the present example the excess will be taken at 37 per cent, 
the crown being concentric with the eye or pin hole^ The 
section of the head of a 5-inch bar is then 5 X 1.37 = 6.85 
inches wide and of the same thickness as the bar. With a 
clearance of -^ inch (^ 78) the diameterof the head will be 6,85 
+ 0.031 + 4.813 = 1 1.694 or I if inches. For the bars 4 inches 
wide the diameter of the head must be lof inches. The coun- 
ter ties have loop eyes at the ends, the section of the loop 
being uniform throughout and the same as that of the body of 
the bar. The distance from the center of the pin to the inner 
end of the loop should be twice the diameter of the pin. 

Art. 55. Upper-chord Sections. 

(See paragraphs 33, 38, 41, 70 and 90 of the Specifications in Art. 48.) 

The upper chord usually consists of two vertical web plates 
with an angle iron at the outer top and bottom of each web, 
the whole united by a cover plate above and by latticing 
below. The web must be deep enough so that the head of the 
eyebar Be which is placed on the outside of the chord will 
clear the under side of the angle and also its rivets. Adding 
the radius of the pin, the half width of section of eyebar head, 
height of rivet head and thickness of angle, the result is 2.41 + 
3.43 -j- 0.64 + 0.38 = 6.86 inches. (See Fig. 9.) As the span 
is short it is assumed that no thicker angle will be needed thai. 
I inch. The web ought then to be 14 inches deep. The clear- 
ance between the webs will depend upon the members at the 
panel point C, The post Cc measures 10 inches back to back 
of channels, and its webs need pin plates whose thickness for 
moderate spans should rarely vary much from f inch. An 
allowance for the space between shapes with countersunk 
rivets may be taken at i inch. The tie Cd is i inch thick. 
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The half clearance needed is then 5.0 -}- 0,375 +0.125 -{- i.o + 
0.125 = 6f inches. If the distance between webs be made 14 
inches the rivet heads may be flattened instead of counter- 
sunk. 

As pin plates should be placed outside of the vertical legs 
of the angles no smaller size can be used than 3i X 3 inches, 
the longer side being placed horizontal. As some allowance 
must be made for the thickness of webs the cover plate will be 
22 inches wide. 

The pins are placed in the neutral axis of the chord section 
or else secondary stresses will be caused. Convenience in 

manufacture also makes it desirable that the 
pins shall be in the center line of the pin 
plates. If the upper and lower angles have 
the same size the pin plates and their tillers 
will fit well and the pins will be brought to 
the mid depth of the webs. To bring the 
center of gravity to this position flats are 
riveted to the horizontal leg of the lower angles of about 
double the thickness of the cover. Their required width is 
readily computed. The form of chord section is shown in 

Fig- 39- 

The clear width between the rows of rivets in a web 14 
inches deep with 3-inch vertical legs of angles is 14 — (2 X 1-75) 
— ly^ = g-fj inches (Art. 15), and therefore the thickness must 
'be at least -^^ inch (1" 70). The allowable clear distance between 
the rivet lines of a y\-inch cover is 40 X yV = 17.5 inches, and 
the actual distance will be within this limit provided the web 
does not exceed -^ inch in thickness. 

The allowable unit stress (T" 33) involves the radius of gyra- 
tion of the section to be designed. An approximate value 
may be found by taking four tenths of the depth over all. In 
this case r = 0.4 (0.44 + 14.0 + 0.88) = 6.13. The length of 
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the chord is 23 feet 8 inches = 284 inches, and the Hve-load 
unit stress is 

8000 — 30 ^~^ = 6610 pounds per square inch. 

As the stresses in the upper chord due to wind are less than 
25 per cent of the sum of the dead- and live-load stresses they 
need not to be taken into account {^ 38). The equivalent live- 
load stress in CD is ^(69 000) + 1 54 200 = 188 700 and the area 
required, 188 700 -r- 6610 = 28.55 square inches. It is spejified 
in ^ 90 that the material must mostly be concentrated at the 
sideSy in the angles and webs. If the angles and webs are made 
as heavy as the cover the area will be very much greater than 
required. If no thinner iron be employed than f inch the 
composition of the section and the resulting area are as 
follows 



I cover plate, 


22" XtV. 


9.62 sq. in. 


4 angles, 


3i" X 3" X 1". 


9.20 


2 webs. 


14" XI", 


10.50 


4 flats. 


4*" X 1", 


9.00 



38.32 

This area is about 32 per cent in excess. The only way in 
which it could be decreased without violating any item of the 
specifications would be to reduce the thickness of the angles and 
web to -^^ inch. An objection to the modified section is the dif- 
ference between the area and thickness of the material in the 
cover and that in the angles and web. The chord might be 
narrowed an inch, but not to such an extent that T 70 would 
allow the substitution of a f-inch cover; but this narrowing 
would doubtless require additional material in the end post, 
whose width must be the same as that of the upper chord. 
The section will therefore be left unchanged. 

Using a horizontal axis of reference at the mid depth of 
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the web, and adding algebraically the moments of the sectional 
^ areas of the cover and flats, the result is as follows : 

Cover plate, 9.62 X 7.219 = 69.45 
Flats, 9.00 X 7.5 = 67.50 

1.95 

The center of gravity of the section is therefore 1.95 -r- 
38.32 = 0.05 inch above the center of the web. The moment 
of inertia may now be computed with reference to the neutral 
axis A jB in Fig. 39. 

Cover plate, ^ X 22 X {-^Y = 0.2 

9.62 (6.95 + 0.22)" = 494.6 
4 X 1.80 = 7.2 

9.20 X (7.00 — 0.83)" = 350.2 

2 X tV X f X 14* = 171.S 
. 10.50 X 0.05' = 0.0 

tV X 9 X i' = 0.7 

9.00 X (7.05 + 0.5)' = 512.9 



Angles, 



Webs, 



Flats, 



, . /= 1537 inches*. 

The radiu& of gyration is 

and the revised area 28.38 square inches. 

Using the same value of r the area required for BC is 
a X 61 400 + 134900) ~- 6650 = 24.91 square inches. The 
' section will be made the same as for CD for the same reasons 
as those given in regard to reducing the section of CD. 

The unit stress due to the weight of the upper-chord 
members is less than 10 per cent of the allowed unit stress and 
hence need not be taken into account in proportioning them 

<l4i). 

In trusses with parallel chords and longer spans the section 
of the upper chord is varied in different panels in the interest 
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qt economy^ the change being made in the webs and sometimes 
also in the angles by gradually increasing their thickness toward 
the middle of the truss. 

The width of the chord section myst always be such that 
its moment of inertia with reference to the axis CD (Fig. 39) 
shall not be less than that about the axis AB, 

Art. 56. Section of the End Post. 

(S«e paragraphs 33, 38, 41, 70 and 90 of the Specifications in Art. 48.) 

The upper-chord sections having a considerable excess of 
area, the section of the inclined end post will probably not dif- 
fer much from it. Using the same value of r the allowable 
unit stress for wind load is (Tf 33) 

IQ500 — 6o t. = 6460 pounds per square inch. 

It is necessary to reduce the other stresses to equivalent wind- 
load stresses since the bending moment in the post is caused 
by the wind and has to be taken into account in determining 
its section. The stresses due to the wind exceed -25 per cent 
of the sum of the dead- and live-load stresses (T 38) and there- 
fore the above unit stress is to be increased by 25 per cent. 
The equivalent wind stress is 

f(576oo)-f}(i32 100)+ 19700+ 18600= 279 600 pounds, 

and the area, 279600 -f- 8070 = 34.65 square inches. This area 
being less than the sectional area adopted for the upper chord 
the same composition will answer for the end post so far as re- 
sistance to bending in the plane of the truss is concerned. 

The unit stress due to its own weight is found to be less 
than 10 per cent of the allowed unit stress, so that it will not 
need to be considered {^ 41). 

Th« end post forms a part of the portal bracing, and the 
'wind pressure normal to the plane of the truss causes both end 
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posts to bend in the plane passing through their center lines. 
It will be necessary therefore to compute the unit stress in the 
outer fiber in the post when considered simply as a column 
under the given direct stresses, and also that due to the bend- 
ing moment, and compare their sum with the maximum allow- 
able unit stress. If it exceeds the allowable value the sectional 
area must be increased until the sum of these unit stresses 
shall fall within the given limit. 

The moment of inertia with reference to the axis CD in Fig. 
39 is now computed, the horizontal distance between the backs 
of the angles and CD being 7.38 inches. 

Cover plate, tV X yV X 22* = 388.2 

4 angles, 4 X 2.66 = 10.6 

9.20(7.38+1.08)* = 658.5 

2 X tV X 14 X (f)" = 0.1 

10.50(7.38 — 0.19)' = 542.8 

2 X tV X I X is' = iS-2 
9.00(7.38 + 2.0)" = 791.8 



2 webs. 



2 flats. 



• /, = 2407 inches*. 

The radius of gyration with reference to the same axis is 






In Art. 51 the bending moment was computed to be 51 030 
pound-feet, and the distance from the neutral axis to the outer 
fiber (at the flats) is 7.38 + 2.0 + 2.25 = 1 1.63 inches, hence the 
unit stress is 

Afc _ 51 30 X 12 X 11.63 =, 3 1 36 lbs. 

__ 279600 X 276 X 276 per sq. in. 



5 = 



/- 



pr 



2407 



6£ '^^' 6 X 26000000 

In this formula the denominator is 6E instead of loE as in 
Art. 43, since the end post corresponds to one half of a beam 
whose ends are fixed and which is subject to a concentrated 
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load at the middle. The half span is the clear distance from 
the portal bracket to the floor beam, and is estimated to be 
276 inches. 

While the quantity 10 500 in the column formula used above 
is not strictly the allowable stress in the outer fiber, yet it may 
be so regarded for columns in which the ratio of /-r- r is not 
very large. Substituting the value of r, and calling the stress 
in the outer fiber 5, when the post is treated as a column only, 

5 - 60 4264 ^ 279600 ^ 
7-93 38.32 '* 

whence S, = 10 530 pounds per square inch, and the total unit 
stress is 5 + 5, =.3136+ 10530= 13666 pounds per square 
inch. The allowable stress is 25 per cent more than 10 500 or 
13 125 pounds per square inch (1[38). The section therefore 
needs a slight increase. 

Let the angles be increased in thickness to j\ inch. This 
makes the area of the section 39.72 square inches, /, = 2512, 
r = 7.95, 5= 2997,' 5, = 10260, and 5-f 5, = 13 257, which 

being so near the limit of 13 125 pounds per square inch may 

Mc 
satisfy the requirements. If the formula 5 = -— had been em- 

ployed the value of 5 would have been 2835 instead of 2997 
pounds per square inch. 

Art. 57. Lateral and Transverse Bracing. 

(Sec paragraphs 30, 31, 33, 34. 37, 41, 96, 98 and 99 of the Specifications 

in An. 48.) 

The upper lateral ties will consist of bars of square section. 
The wind stress in the end tie is 9500 pounds, and the unit 
stress 15 000 (T 30), requiring an area of only 0.63 square inch, 
which being below the allowable limit {^ 96), the size of \ inch 
square will be chosen (Pocket Companion, page 203). For 
the same reason all the upper lateral ties will be made of the 
same size. 
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The lateral struts will be composed of four angles united by 
vertical latticing, the upper angles extended across and riveted 
to the cover plates of the chords, and the lower angles resting 
on top of the horizontal leg of the lower angles of the chords. 
The lateral ties will also be attached to the cover plates, and 
hence the direct compression in the struts must be taken by 
the upper angles. The thickness of the latticing depends on 
the beaj'ing strength of the rivets needed to transmit the 
vertical shear. The shear is 5880 pounds, and for a single 
system of lattice bars inclined 30 degrees with the vertical the 
stress in each bar is 5880 X I.ISS = 6790 pounds (Pocket 
Companion, page 244). As J-inch rivets will be used in the 
latticing this stress requires two rivets in a |-inch plate, the 
bearing strength of one rivet in a |-inch plate being 3380 
pounds. The radius of gyration for two angles 3J X 2J inches, 
with the longer legs horizontal and the backs separated f inch, 
varies from 1.86 to 1.96 with reference to the vertical axis 
midway between them (Pocket Companion, page 152). Using 
the smaller value the allowable unit stress for the initial tension 
(T t 33 and 34) is 

9000 — 50 — ^ = 3840 pounds per square inch, 

and the area required is 8400 H- 3840 = 2.19 square inches. 
Two angles 3i X 2^ X i inch give an area of 2,88 square inches. 
For 3 X 2i inch angles the area required would be 2.85 square 
inches, and two angles 3 X 2^ X yV inch give 3.24 square 
inches. 

The bending moment at 4.5 feet from the center line of the 
truss is 43660 pound-feet (Art. 51). The effective depth of 
the entire strut is 14.0 inches if the same angles be used above 
and below. Taking the unit tensile stress of 15000 pounds 
(T30) the net area in one flange is 2.50 square inches, and for 
the unit compressive stress of 10 500 pounds the gross area is 
3.56 square inches. Two angles 3i X 2^ X ^V ^"^'^ ^^^ve a 
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net aie&uoL 2(1.78 — 0.24) = 3.08 square inches, a gross area of 
3.56 square inches, and will be chosen for both flanges. 

In view of the statements made in Art. 51 the direct com- 
pression due to wind and initial tension should not be combined 
with the stress due to flexure, but it may be of interest to see 
what the result would be if these stresses were regarded as 
simultaneous. It does not appear that the specifications con- 
template that the full amount of initial tension referred to in 
T 34 shall actually be put into the diagonal rods, but that the 
resulting stresses in the struts shall be used as a guard against 
designing the lateral struts without sufficient width for trans- 
verse strength. If, however, the compression in CC given in 
the table in Art. 51 be combined with the compression in the 
upper angles due to flexure and it be remembered that the 
wind stress in one diagonal of a panel displaces one half of its 
amount of initial tension in each rod of the same panel, it will 
add 8400 — ^(3600) = 6600 pounds to the stress and the addi- 
tional area will be 6600 -=- 10 500 = 0.63 square inch, making 
the total 3.56 + 0.63 =4.19 square inches. Two angles 3^^ X 
2^ X |- inch would give 4.22 square inches. 

Before proceeding further let the side elevation of the 
truss ^members be drawn whose sections have been designed, 
and also a section showing the elevation of an intermediate 
strut and a floor beam with the post connecting them. In 
order to put the floor beams as low as possible their lower 
flange angles should be clipped to a width of 3 inches, or 
sufficient to clear the main diagonal. The backs of the lower 
flange angles in the floor beams will thus be placed 7^ inches 
higher than the center of the lower chord pins. After this the 
computation and drawing will progress together. 

By drawing the bracket connecting the lateral strut and 
post the lever arm of its flange is found to be about 2.25 feet 
and its stress 23960 -r- 2.25 = 10650 pounds (Art. 51). The 
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net section must be (T37) 10650 X 1.8 -r- 15000 = 1.28 square 

inches. The length of the flange is about 6 feet. For two 

angles 2^ X 2j inches and a i^^^j^-inch web between, r is at least 

1. 1 7 (Pocket Companion, page 151), since no angle thinner 

than \ inch is allowed (T* 72). The unit stress is 

72 
10 500 — 60 - — = 6810 pounds per square inch, 

and the gross area, 10650 X 1.8 H- 6810 = 2.82 square inches* 
The angles. must therefore be -f^ inch thick, giving a gross area 
of 2.94 square inches, and a net area of 2(1.47 "" 0.27) = 2.40 
square inches. 

The lower laterals will be made of angles (Tf 24). As these 
can be stayed where they pass the lower flanges of the stringers 
the length to be used in the column formula is about 7.5 feet. 
The connection with the floor beams will be probably about a 
foot inside of the center of the chord. It will be assumed that 
in compression each lateral takes one half of the stress given 
in the table in Art. 51, its section to be designed in accordance 
with T 37. The net section, however, will be made sufficient 
to take the entire tension given in the table. Pairs of angles 
with unequal legs are most suitable, as the radii of gyration are 
more nearly equal. The angles will be placed back to back 
and attached at intervals so as to act together as a column, and 
the longer legs will be placed horizontal and attached to the 
floor beams by connecting plates, which at present will be 
assumed as not less than f inch thick. As many rivets will be 
needed to attach the angles in the first panel these angles will 
be taken wide enough to allow two rows of rivets. Applying 
the formula for wind stress in posts (1 33) the results are as 
follows : 

Member, r assumed. *?^ "^^ * Composition and Section. 

oq. m. '^ 

6.07 2 angles, 5" X4"X | "=6.46 sq. in. 

5.01 2 angles, 3i"X3"XTV"=5-30 
2.60 2 angles, 3i"X3"XTV"=3-86 



ad' 


1.57 


be' 


1.08 


ed' 


1.08 
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It is found that the horizontal legs of the angles have a net 
section exceeding that required to transmit the entire tensile 
stress, and hence the vertical legs of the angles need not be 
attached to the CQnnecting plates (T 31) unless other reasons 
make this desirable. 

The portal will consist of a small lattice girder of four panels 
-with a double system of webbing, united by brackets with solid 
webs to the end posts (1 99). By drawing a side elevation of 
the end post and upper chord it is found that the clear head 
room required {14) will allow a depth (in the plane of the 
portal) over all of about 46 inches. Assuming that 4X3 inch 
angles may he used and taking the effective depth as the dis- 
tance between the rivet lines in the flange angles, its value will 
be 42.5 inches. The maximum bending moment in the portal 
strut was computed in Art.. 51 to be approximately 140 no 
pound-feet, but from the side elevation of the truss and an 
outline diagram of the portal it is found that the point of 
inflection in the end post is 19 feet 8 inches from the pin at its 
upper end, and the center of moments for the maximum flange 
stress is in the center of the third panel of the portal strut. 
The revised moment is iW= 4437.5(19.67 — 0.67) — 19 708 X 
9.75 = 107 790 pound-feet, and the flange stress is 107 790 X 12 
-T- 42.5 = 30440 pounds. 

The net section of the lower flanges is 30440 -r- 15 000 = 
2.03 square inches. As the flanges will be conveniently divided 
into four panels by the web the upper flange is unsupported in 
the plane of the portal for a distance of about 3 feet. This 
flange also has a uniform compression throughout of 2700 -f- 
4200 — ^(2700) = 5550 pounds, making the total flange stress 
at the position of maximum moment 30440+ 5550 = 35 990 
pounds. The unit stress in compression is 

36 
10 500 — 60—^^ = 8000 pounds per square inch, 

O.oo 
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and the area 35 990 -f- 8000 = 4.50 square inches. Two angles 
4 X 3 X f inch (gross section = 4.96 square inches) will be 
used for both flanges, the longer legs being placed normal to 
the plane of the portal. 

The vertical shear is 19 708 pounds, and as the braces make 
an angle of about 45 degrees with a line parallel to the axis of 
the end post the stress in each brace is 4(19 708)1.414 = 13 620 
pounds. As this requires five f-inch rivets in each end of the 
brace for a bearing of f inch a wide angle will be used so as to 
allow two rows of rivets, thus reducing the size of the connect- 
ing plates. The smallest angles that permit two rows is 4J X 
3 X f inch, which are also found to have ample strength when 
treated as columns. 

The flange of the bracket has a lever arm of about 40 inches^ 
with the center of moments about 2.4 feet below the upper 
pin in the end post. The flange stress holds in equilibrium the 
moment of the horizontal reaction of the end post, which may 
be considered as applied at the point of inflection. Its value 
is 4437.5(19.67 — 2.4)12 -7- 40 = 22 990 pounds. Treating the 
flange as a column about 7 feet long similar to that of the 
intermediate bracket the area is found to be 5.04 square inches. 
Two angles 4i X 3 X f inch give 5.34 square inches and will 
also have an excess of net section. As, however, the end post 
is not free to rotate about the above center of moments the 
stress in the bracket flange will be less than the computed 
value. A slight reduction will accordingly be made in the size 
of the angles, two angles 4 X 3 X f inch being adopted. 

Art. 58. Pin Plate& 

(See paragraphs 40, 88 and 89 of the Specifications in Art. 48.) 

The webs of members connecting with the pins must be 
reinforced by pin plates in order that the pressure on the pro- 
jected semi-intrados of the pin holes may not exceed the limit 
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specified in ^40. The number of rivets in these plates is 
determined by the requirements of ^^ 39 and 88. The allow- 
able bearing per linear inch for the 4||-inch pin is 57 7CX) pounds 
(•j^40 and Pocket Companion, page 174). Since in many cases 
the rivets must be countersunk, no pin plate less than f inch 
thick will ordinarily be taken (see Fig. 9). The allowable 
bearing of a plate (exceeding | inch) for each -^ inch of its 
thickness on a 4||-inch pin equals eight tenths of the shearing 
strength of a |-inch rivet, since 

12000 X 4.8125 

— ^ 0.80. 

16 X 4510 

If the* stress is transmitted from or into a plate or angle | inch 
thick the corresponding value is 0.916, and for a thickness of 
-jfiy inch it is i.io. 

In order not to complicate this subject unduly for the 
student the clause in T 40 reading " or one and a half times 
the allowed strain per square inch '* will not be considered. 

The linear bearing for each side of ^^ is ^ X 151 900 -f- 
57700 = 1.32 inches, and for ^^ is J X 191 300 -=- 57 700 = 1.66 
inches. One of the pin plates on each side of the member 
must extend past the ends of the angles so as to engage 
enough rivets to transmit their stresses to the pin. Assuming 
the stresses to be divided in proportion to their areas the two 
main plates transmit 108 100 and the four angles 83 200 pounds. 
The number of rivets connecting one angle to the pin plate is 
:J^ X 83 200 ~- 3940 (bearing of |-inch rivet in |-inch angle) = 
5.3, hence 6 rivets will be inserted. If these two long pin 
plates are of the same thickness as the main plates they 
should be arranged to take one half of the stress after passing 
the angles. This requires that the number of rivets connect- 
ing each of them to a main plate equals \ X 191 300 -f- 4510 = 
II. This number is exceeded by the rivets already inserted. 
At a the short inside pin plates must be 1.32 — (2 X 0.5) = 0.32 
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or f inch thick. At c two |-inch plates will also be added on 
the outside. This requires 6 X 0.916 or 6 rivets for each of 
these short plates, but if they transmit any tension past the 
pin a .sufficient number of these rivets must be placed on the 
side toward b. 

Assuming the stresses to be divided among the plates in 
proportion to thickness each of the four short pin plates at c 
must carry past the pin a stress equal to 191 300 X 3 -s- 28 = 
20 500 pounds, which requires 20 500 -r- 3940 = 6 rivets. Six 
rivets will therefore be placed on the left of the pin c and four 
may conveniently be put on the right of the pin. The net 
depth of the plates is 12 — (4.81 +0.03) = 7.16 inches (T[ 78) 
and the net area of the main and the long pin plates combined 
is 7.16 X 4 X 0.5 = 14.32 square inches, leaving a balance of 
17.70— 14.32 = 3.38 square inches. If only the stress cor- 
responding to this area were regarded as passing through the 
short pin plates, then only i- X 36 500 -f- 3940 = 3 rivets would 
be required. The net vertical section at the pin is 7.16 X 2 X 
1.75 = 25.06 square inches, or 145 per cent of the net section 
in the body of the chord be. Some specifications call 'for only 
125 per cent, while others demand 150 per cent. In order that 
the horizontal section behind the pin may have an area of 
80 per cent of that of the member its length must be 17.32 X 
0.80 -^ (2 X 1.75) = 3.96 inches. The chord will be extended 
8 inches beyond the center of the pin, thus somewhat exceed- 
ing this requirement. A similar computation for the short 
pin plates at a gives the same number and arrangement of 
rivets as at c. No rivet is put behind the pin, as that would 
aid the pin in splitting the plates ; neither is any rivet put 
above nor below the pin, as that would reduce the net section. 
The strength of the member will be increased by placing the 
short pin plates with their fibers vertical. 

The total linear bearing for the suspender Bb is 63 700 -f- 
57 700 = 1. 10 inches, requiring only two plates, each i(i.io) — 
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C.32 = 0.23 inch thick. No first-class result could be secured 
by riveting a {^-inch plate to a 0.32-inch web when the rivets 
must be countersunk, since the depth of the countersunk head 
of a J-inch rivet is ^''^^ inch (Art. 14). Two f-inch pin plates 
will be placed inside and two outside of the member. Dividing 
the stress in proportion to thickness, the two pin plates on 
each channel carry 22 300 pounds and require 22 300 — 3360 
= 7 rivets, 3360 pounds being the bearing value of a |-incli 
rivet in the 0.32-inch web. Eight rivets will be placed below 
the pin and two above it. The net cross section at the pir^ 
and the longitudinal section above the pin are very consider- 
ably in excess of that required. 

The pressure of the pin against the lower part of the post 
Cc is equal to the vertical component of the stress in the main 
tie Be, or 133 800 cos 41° 46' = 99 800 pounds. The linear 
bearing for each jaw of the post is J X 99 800 -r- 57 700 = 0.87 
inch and the pin plates must aggregate 0.87 — 0.45 = 0.42 inch 
in thickness. Plates f inch thick will be placed both inside 
and outside. Their part of the total stress on the basis of 
thickness requires 7 rivets, while only 6 rivets would be needed 
for the bearing on the pin. Five rivets will be placed above 
the pin and two below it. 

The bearing required at the upper end of the post Cc is less 
than that at the lower end as the total stress is only 57400 
pounds, but the same number and thickness of pin plates will 
be used. Only 4 rivets would be required by dividing the 
stress as before, while 6 rivets, would be needed to develop the 
full bearing value of one f-inch pin plate. Paragraph 89 has 
some additional specifications to be met. The gross section of 
the four pin plates 15.13.5 square inches, while that of the 
channels is 8.0 square inches. It is proposed to place the first 
rivets in the batten or stay plates 6 inches below the pin 
•center, its upper extremity being i^ inches higher. The inner 
pin plates will therefore be extended for an additional line of 
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rivets. It will be observed that the rivets in the pin plates are 
arranged so as not to come in the same cross sections as those 
in the stay plates. 

While the stresses are smaller in Dd than in Cc the same 
pin plates will be used, as the sizes cannot well be reduced, for 
reasons already given, and uniform details will also decrease 
cost of manufacture. The pin plates on the upper chord at C 
transmit the horizontal component of the maximum stress in 
Cd, which is 69200 sin 41® 46' = 46 lOO. Four f-inch plates 
Avill be used on the outside, two being filler plates and the 
other two placed on top of them and connecting with the 
flange rivets. The whole number of rivets on each side of the 
chord is 23 100 -r 3940 = 6, which is less than the smallest 
number that can practically be employed. 

The required bearings of the upper chord and of the end 
post on the pin at B are 1.99 and 1.98 inches respectively, or 
practically 2 inches. Two of the outside pin plates of the 
chord and two of the inside pin plates of the end post are to 
be extended past the pin for the purpose of preventing any 
ordinary blow from displacing these members as well as to 
faciHtate erection. These plates are called hinge plates or jaw 
plates. The other plates are faced parallel to the bisector of 
the angle between the axes of the members and at a distance 
of \ inch from it. In arranging the pin plates \ inch clearance 
is allowed between each hinge plate of one member and the 
nearest pin plate on the other. The webs are directly opposite, 
being of the same thickness, and the filler plates (between the 
angles) are made of the same thickness as the angles. Beginning 
at the outside the pin plates on the chord are |, J, f and f inch 
respectively, three being outside of the web ; and on the end 
post -j^j^, y\^, i and f inch, two being outside of the web. One 
is allowed to be less than f inch in order to equalize the 
aggregate thickness excluding the hinge plates, for otherwise 
the clearance of hinge plates would not be equal. The objec- 
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tion to this size is also less, as there is another plate before the 
Mreb is reached. 

Let the number of rivets in the pin plates of the chord be 
found. If the |-inch outside plate be the shortest, the |-inch 
inside and }-inch outside plates next^ and the f-inch filler plate 
the longest, and if it were immaterial where the rivets were 
placed, the number of rivets in these successive plates would 
be 5.5, ii.o, 18.3 and 23.8, and the arrangement to meet this 
as nearly as possible is shown in Fig. 40. In obtaining these 
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results it must be remembered that the stress in the plates 
must all be transferred either into angles f inch thick or into a 
f-inch web, and hence the number of rivets depends on the 
bearing value of the rivets instead of their shear. The above 
arrangement is the one generally employed in practice, and 
frequently even a smaller number of plates connect with the 
flange rivets in proportion to the whole number used. 

If the total stress be divided in proportion to the areas, the 
stresses and corresponding numbers of rivets in the parts com- 
posing the chord section are as follows : 





Stress. 


No. 


of Riv:. ? 


i cover plate. 


28800 




7.3 


2 angles. 


27 500 




7.0 


I wet, 


31400 




8.0 


2 flats, 


26900 




6.9 



1 14 600 



29.2 



As the web has its own bearing on the pin the total 
number of rivets required in the pin plates is 29.2 — 5.5 = 23.7, 
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which agrees with the total previously obtained. But the 
stresses in the cover plate and flats must be transferred from 
•the pin plates through the flange rivets, hence the number of 
rivets connecting the pin plates to the upper flange angle is 
7.3 + 3-5 = 10.8 ; to the lower flange angle, 6.9 + 3-5 = 10.4; 
and to the web, 8.0— 5.5 = 2.5. The arrangement of pin 
plates to conform to this requirement is shown on Plate IV. 
The two smaller sizes are placed with their fibers vertical to 
increase the factor of safety. 

The arrangement of the pin plates and their rivets for the 
end post corresponding to that in Fig. 40 is shown in Fig. 41, 
the number of rivets required in the successive plates of 
increasing length being 5.5, 9.2, 16. i and 22.1. Dividing the 
jstress of 228 000 pounds between the several sectional areas 
the following results are obtained : 



i cover plate, 

2 angles, 

1 web, 

2 flats, 



Stress. 


No 


. of Rivets. 


27600 




6.1 


30400 




6.8 


30100 




7-7 


25 900 




S-7 


114000 




26.3 



- 5-5 
20.8 



The number of rivets is computed on the basis of single 
' shear for all except the web, and the final arrangement of 
plates and rivets is shown on Plate IV. The number of. upper 
flange rivets connecting pin plates is 6.1 + 3.4 = 9.S,*and of 
lower flange rivets 5.7 + 3.4 = 9.1. It will be observed that a 
few flange rivets are in double shear, so that their number 
^ould be reduced about o. i, since the bearing on a yV^^^^ plate 
is a little larger than the single shear of a rivet. 

At the joint a the bearing required for the end post is 
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about 2-^ inches on each side, as an additional vertical load of 
194CXD pounds is transnnitted by the end floor beam. This 
consists of a live load of 13 300, half a stringer and the track it 
carries, and half a floor beam, the position of the live load 
being that which produces the maximum stress in the end post. 
The plates which connect with the floor beam also form the 
pin plates placed directly inside of the web. The number of 
rivets required in the different parts, excluding three eighths 
of the plates inside of and adjacent to the web, is the same as 
for the upper extremity of the end post. The aggregate area 
of the forked ends of the end post at a is 66.50 square inches 
(T 89). After passing the section 9 inches distant from the 
pin center the area rapidly increases and the forks are united 
on one side by the floor beam. 

The maximum reaction of the leeward support is (42 950 + 
i X 1 1 450 + 14 700) + (i 1 1 820 + 16 650) = 191 800 pounds, 
the last quantity in each parenthesis being the load transferred 
by the overturning effect of the wind. The linear bearing of 
one side of the shoe on the pin is therefore J X 191 800 -r- 
57 700 = 1.66 inches. Two ^-inch plates and two f-inch plates 
will be used on each side, one of the latter being a hinge plate. 

It will now be necessary to see whether any modifications 
are needed in the pin plates of ac, since its sides must be par- 
allel. Allowing a clearance of i inch adjacent to shapes with 
countersunk rivets and -^ inch between eyebars, the distance 
at a from the center of the lower chord to the inside of the 
main plate of ^r is 7 + 1 + ^V + i + I + * + I = 8|f inches, 
and atris 5 + | + ^ + i^V + iV + 4 + A + * = 8f inches. 
This difference of -j^ inch may be added to the spacing at r, 
leaving the distance back to back of the angles of ac ij\ inches, 
or the inner pin plate at c may be increased to -^^ inch. The 
former plan will be adopted. 

On account of the provision in T" 86 the pitch of the rivets 
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in the ends of the compression members must not exceed $i 
inches. While on one hand it is desirable to reduce the 
length of pin plates by using the minimum pitch, on the other 
it is not desirable to have a smaller pitch than 3 inches ; the 
rivets in all the pin plates will therefore be uniformly spaced 3 
inches on pitch lines. It seemed preferable in this article to 
determine the number of rivets in the various parts of the 
structure by means of the computed stresses in the members, 
but it should be stated that usually the number of rivets is 
made large enough so as to develop the full strength of each 
plate or shape. 

In computing the number of rivets in the pin plates of the 
upper chord and end post at By the number is expressed to 
tenths in order that the student may more readily follow and 
check the computations, and also to show some equalities that 
otherwise might not be apparent. 

Since this Article was written the results of some experi- 
ments on pin plates were published in a paper by T. H. JOHN- 
SON read before the Engineering Society of Western Pennsyl- 
vania, reprinted from the Transactions in the Engineering 
Record, vol. 28, page 39, June 17, 1893. These indicate the 
importance of so designing the pin plates and their rivets that 
they may properly distribute the pressure of the pin to the 
plates and shapes composing the members. 

Art. 59. Stay Plates and Latticing. 

(See paragraphs 86, 87, 88 and 89 of the Specifications in Art 48.) 

Compression members united by lattice bars have plates at 
the ends whose purpose is to aid in properly dividing the stress 
between the two segments of the member. These are called 
stay plates, or batten plates, or tie plates. The specifications 
require the stay plates at the upper end of the posts to be 
i^ X 10= 15 inches long. The pitch of the rivets will be 
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made 3 inches and the first rivets placed 6 inches below the 
center of the pin. For the middle post Dd it will be necessary 
to cut a strip out of the stay plate to clear the counter diagonal. 
Opposite the floor beam the channels in each post are united 
by a web and four angles, and as this web also performs the 
duties of a stay plate, those placed directly above it need not 
have the full length. The position and length of these stay 
plates will depend somewhat on the latticing. The pitch lines 
in the flanges of the channels are i^ inches from the backs, 
making the distance between the pitch lines -of both channels 
10 — 2(1.5) = 7 inches. The pitch of the rivets in the latticing 
equals 2 X 7 sin 30° = 8.08 or 83^ inches, and 29J spaces will 
be required. If the stay plate is made 10 inches long its lower 
edge will be nearly on a level with the top of the floor beam. 
The pitch of rivets in this plate is 3^ inches. The lattice bars 

will be 2j X "jV ^'^^^ ^^ ^^^^ (T ^7)» ^"^ ^^ ^^^Y plates f 
inch in thickness, the rivets being f inch in diameter. In the 
suspender Bb the rivets in the pin plates and in the stay plates 
must not come in the same section, as that would reduce the 
net area of the channels below the limit used in designing their 
section. 

The cover plate of the end post being 22 inches wide the 
stay plates will be 22 X f inch and 2 feet 9 inches long. In 
order to clear the other members meeting at the same panel 
point the stay plate at each end must be placed i foot 6} inches 
from the section through the pin center. This will put the 
farthest rivets 4 feet 2 inches from the same section. For single 
latticing the bars must have a section of 4 X f inch (T 87), but 
in order that the two f-inch rivets at each end of the bars will 
not have a smaller pitch than the minimum allowed it will 
require bars 4^ inches wide. Adjacent bars will be placed so 
that the nearer rivets have a pitch of 3^^ inches. The pitch 
lines of rivets in the chord are 14 + 2(f) + 2(2) = 18} inches 
apart. Each pair of lattice bars will then require a space of 
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2(18.75 sin 30° + 2.25 -}- 3i) = 32.40 or 32f inches. The dis- 
tance between the stay plates will admit 10 spaces, with a 
remainder of f inch. 

In the upper chord BC the stay plates are of the same size 
as in the end post, their extremities being 12^ and 10^ inches 
respectively from the vertical sections through the pin centers. 
Six spaces of 32I inches each will just cover the distance 
between stay plates. 

In the stiff chords ad and dc the pitch lines will be spaced 
I4i inches. The three stay plates are each 17 X f inch and 
2 feet long. As these are not compression members it will be 
convenient to place the adjacent ends of lattice bars side by 
side and with a slight clearance. If they were united by the 
same rivet it would separate the angles J inch and require a 
filler on each side of the stay plates. If these adjacent rivets 
are spaced 2j inches the length of one panel of the latticing 
will be 2(2^ -f- I4j^ tan 30°) = 22 inches. Ten and one half 
panels of this length will fill the space between the stay plates, 
the first and last rivets being 2f inches from them. To 
facilitate shop work the continuous chord ac is made sym- 
metrical with respect to its center in all details except that 
the end at c has two more small pin plates as previously 
stated. 

The rivets may now be spaced in the members treated 
above. In the end post and upper chord the pitch is made 
32J -h 7 = 4f inches, except at the ends, where the pitch of 3 
inches is adopted. The specifications (T 86) require that the 
pitch shall not exceed 4 X i = 3i inches for a distance equal 
to 2 X 22 = 44 inches. The 3-inch pitch is continued to the 
end of the stay plates. In the body of the chords ad and dc 
the rivets will be uniformly spaced 22 -7- 4 = 5^- inches (T 50)^ 
and so arranged that those in the horizontal legs of the angles 
shall stagger with the rivets in their vertical legs. 
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In the lateral struts the greatest stress is due to flexure 
and hence the end stay plate is not made as long as for a 
compression member. In Art. 57 it was found that the lattice 
bars must be | inch thick and be connected with two |-inch 
rivets at each end. The strength in single shear is a little less 
than the bearing strength, but as the horizontal component of 
the stress in one bar is transmitted to the flange angles the 
shearing is really on more than one cross section of the rivet. 
The horizjontal component of the axis of one lattice bar must 
not exceed 14 tan 30° = 8.08 inches, the pitch lines in the 
flanges being 14 inches apart. The panel length is taken 
slightly less than double this distance, or 16 inches. ' 

Art. 60. Connections of Wind Bracing. 

(See paragraphs 31, 32, 59 and 97 of the Specifications in Art. 48 ) 

The upper lateral rods -will be connected to the chords by 
means of clevises of standard form. Their smallest dimen- 
sions are for a rod i\ inches square as given in the Pocket 
Companion on page 166, and the corresponding diameter of 
the pin given is i^ inches. If the rod is smaller the clevises 
will allow a larger pin to be used. Let the finished diameter 
of the pin be i jf inches, then in order to develop the full 
strength of the rod used the thickness of the connecting pin 
plate must be^ 15000(f)" -=- 23 250 = J inch (Pocket Companion, 
page 174). The plate must have 15000(f)' -7- 4510 = 3 rivets 
connecting it to the cover plate and angle of the chord, but 5 
rivets will be used as shown on the drawing. Where the 
connecting plate and splice cover of the chord come together 
as on the left side of C the splice plate is extended to include 
the pin plate. 

Instead of connecting the lateral ties with the cover plate 
of the chord two aifgles might be placed back to back and 
attached to its inner web, the pin being passed through the 
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longer horizontal legs of the angles. This arrangement would 
answer only for small bridges, as it is objectionable to 'transmit 
large stresses into a web from its side. For long spans two 
ro^Js are used for each diagonal of a panel, one being attached 
to the upper and the other to the lower part of the chord. In 
both of these cases both flanges of the lateral strut are designed 
on the assumption that the compression is divided equally 
between them. Each angle of the upper flange of the lateral 
struts is attached to the top of the chord by 3 rivets. The 
angles of the lower flange are fastened by only one rivet each, 
as the bracket supplies the rest of the necessary rigidity. 

The intermediate bracket consists of a -j^j-inch web plate 
with flange angles as determined in Art. 56, and connected to 
the lower flange angles of the strut by two angles 3i X 2^ X yV 
inch, and to the post by two angles of the same size. The 
pitch of the rivets is made 4 inches throughout, |-inch rivets 
being used. In order to comply with the last sentence in ^ 39 
of the specifications a number of the rivets toward the ends of 
the bracket are replaced by turned bolts properly fitted (Tf 59). 
The radius of curvature of the flange angles is 6 inches at the 
ends and 4 feet for the intermediate portion. The extreme 
length of the bracket is 4 feet 3 inches both horizontally and 
vertically. 

In designing the sections of the portal bracing the stress in 
each diagonal was found to be 13620 pounds, which requires 
5 rivets to unite it to the f-inch connecting plate. As the 
rivets are in single shear the bearing strength ought to be as 
nearly equal to the shearing strength as possible. The thick- 
ness of the connecting plates is therefore taken as f inch. 
The difference of flange stress in adjacent panels is found 
either by chord increments or by the method of mcynents to 
be 19 708 pounds, which equals the shear in any section of the 
portal since the diagonals are inclined 45 degrees. The con- 
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necting plates and flange angles need 19 708 -r- 3380 = 6 rivets 
to unite them. Tb«se rivets are given the minimum allowable 
pitch. By arranging all the rivets in the connection in rows 
both horizontally and vertically the connecting plates will have 
to be loi X 15 inches in size. . 

The web of the bracket is made f inch thick and extended 
upward through the lower flange of the strut and united not 
only to the flange angles but also to the web members. It is 
fastened to the middle of the inner web of the end post by 
two angles 3i X 3 X f inch, their longer legs being in contact 
with the web of the end post and about fill up the space 
between its flange angles. The radii of the edge of the 
bracket are 6 inches and 6 feet respectively, the sides of the 
bracket in position measuring 4 feet 6 inches and 6 feet, the 
latter measurement excluding the portion of the web in the 
side of the strut. The top flanges of the strut are extended 
over the upper chord of the truss and riveted to it by means 
of two plates, one a bent web plate to which the end diagonal 
is also riveted, and the other a bent cover plate with a filler 
under it of the same thickness as the connecting plate of the 
upper lateral rod. • 

The connecting plates for the lower laterals will be riveted 
to the bottom of the floor beam and passed between the 
angles composing the laterals, and as the rivets through the 
laterals are in double shear it is desirable to use plates i inch 
thick in order to reduce the size of the plates by reducing the 
number of rivets required. The number of field rivets in each 
end of the laterals of the first panel is 47 500 ~ KS^So) = 14 ; 
in those of the second panel 30600 -— 3500 = 9; and in the 
third panel 15 900 -5- 3500 = 5. The rivets used are f inch in 
diameter. The number of rivets uniting the connecting 
plates to the floor beams, etc., at the panel points a, b and c 
depends on the strength of a rivet in single shear, the results 
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being i6, ii and 6. No connecting plates less than -j\ inch 
thick could be employed without increasing the last-named 
sets of rivets. 

At the foot of the end post the connecting plate is not only 
riveted to the lower flange of the floor beam but also to an 
auxiliary horizontal angle which is riveted to the inner web of 
the end post by 5 rivets. The outer filler plate is modified on 
that side so as to extend to the upper edge of this angle. At 
the panel point b the connecting plate extends beneath the 
suspender to the outer edge of the stiff chord and is riveted by 
short angles to both of these members as well as to the floor 
beam. 

The two angles forming each lateral are united at points 
about 2 feet apart throughout their length by rivets with 
half-inch washers 2^ inches in diameter between the angles. 
This arrangement enables both angles to act together as one 
member. 

The center lines of the laterals intersect in the central 
plane of the floor beam at points one foot inside of the center 
of the post and y\ inches higher than the center of the chords^ 
and thus cause some flexure in the post and in the floor beam. 
These bending moments, however, are amply provided for,, 
since at these places the members in question have an avail- 
able excess of strength. There is no appreciable eccentricity 
in the connecting plates, since one half of the required number 
of rivets is always found on each side of the center line (pro- 
duced if necessary), as may be seen by examining the draw- 
ing. The angles are connected by both legs and so aid in 
diminishing the area of the connecting plates. 

The splice plate for one pair of laterals in a panel is shown 
in Fig. 35 (Art. 49). The laterals are riveted to the lower 
flanges of the stringers by means of bent plates passing be- 
tween the angles of the former. 
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Art. 6i. Pedestal, Expansion Rollers and Bed Plat^. 

(See paragraphs 26, 27, 103, 104, 107 and 108 of the Specificaiions in Arc. 48 ) 

The pedestal is constructed by riveting the vertical pin 
plates which receive the entire reaction at a support to a hori- 
zontal bearing plate by means of four angles, SiXSiXf inch, 
two being inside and two outside. A thick angle is taken in 
order to aid in distributing the pressure over the bearing plate. 
The pin plates are finished so as to take direct bearing on the 
bearing plate, which at the expansion end rests on a set of 
friction rollers placed in a frame so as to maintain their spac- 
ing| The rollers move on a " rail plate ** which itself is sup- 
ported by the masonry. 

The allowable pressure per linear inch for rollers 4 inches 

in diameter is 500^/4 •= 1000 pounds {^ 104), and the maxi- 
mum reaction of the leeward support at one end is 191 800 
pounds (Art. 57). This requires six rollers each 32 inches long, 
which is satisfactory as it places the pin plates very nearly at 
the quarter points of the rollers. Allowing a clearance of ^ 
inch between the rollers, and an additional space of one inch 
for the middle one of three connecting rods of the frame, the 
size of bearing plate will be 30 by 32 inches. If the bed plate 
were no larger than this it would reduce the pressure on the 
support to 191 800 -f- (30 X 32) = 200 pounds per square inch, 
which is far within the specified limit (T 103). The frame 
consists of two bars 5 X i inch which receive the journals of 
the rollers and are bolted together by three parallel rods f inch 
in diameter. 

The rollers are supported on a series of 13 parallel rails 
riveted to a bed plate J inch thick. The rails are of 50-pound 
standard section, with their heads brought to rectangular form 
by planing on the top and sides. One side of the base is re- 
moved almost entirely in order to space the rail head with a 
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clearance of one half inch, the other side 'being, faoti^ied to the 
bed plate by six rivets. Such an arrangement allows the .dust 
to drop down between the rails where it may be readily re- 
moved by a brush. So many friction rollers in bridges may be 
observed which become clogged with dirt, in a short time 
(though this condition is partly due to lack of inspection) that 
a better arrangement than the usual one is very much needed. 
More detailed reference is made in Art. 20 to an expansion 
bearing in which the rails as used above form but one of several 
excellent features. 

The bearing plate is made one inch thick, and to provide 
against lateral sliding the vertical bars are allowed to project 
-^^ inch above the surface of the rollers and the same or a larger 
distance below the top of the rails. ' 

Four anchor bolts, i^ inches in diameter, will be used at 
each support (T[ 108). The maximum expansion of the truss 
is computed {^ 27) to be 0.0000067 X 142 X 12 = 1.71 inches* 

Art. 62. Minor Details, and Camber. 

(See paragraphs 4, 5, 62, 63, 91 and 109 of the Specifications in Art. 48.) 

The upper chord will be spliced at the left of the panel 
points C and D, and since the abutting ends will be planed the 
splices need only be sufficient to keep all the parts in contact 
(T[^ 62, 63, 91). The stay plate is cut in two, one portion of 
which is also to act as a splice plate. The stay plate might 
be kept intact if the field rivets were placed on the other side 
of the splice than that usually adopted. The sizes of the 
plates and the arrangement of the rivets are shown on the 
drawing. 

Although the backs of the angles of the upper chord and 
end post were regarded in Arts. 55 and 56 as flush with the 
web plates, which are 14 inches deep, their pitch lines would 
be so spaced in construction as to obviate any possible inter- 
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ference of the web with the cover plate and the flats, making 
the vertical distance out to out of angles 14^ or 14^ inches. 

The Ttveting to transmit the f«aximum floor-beam reaction 
to the two channels of the post will now be considered. In 
Art. 50 it was found that 21 rivets would be required to con- 
nect the end angles of the floor beam to the inner side of the 
post in order to give sufficient shearing strength. The thinnest 
web of the posts is 0.32 inches and the bearing strength of a 
f-inch field rivet in this web is 2240 pounds. A f-inch dia- 
phragm or web plate is united to both channels by means of 
four si X 3 X f inch angles, and through this the outer channel 
is assumed to receive its half of the maximum floor-beam 
reaction. The number of rivets needed to transmit its share 
from the inner channel connection is i(6i 430) -r- 2240 = 14, 
which is less than that required for shear. The number of 
rivets in the diaphragm of the post must be at least i(6i 430) 
-T- 3940 = 8, while 12 are employed. 

The maximum load carried by the end floor beam is about 
two thirds of that for the intermediate ones. The bending 
moment is 197 lOO pound-feet and the net flange area required 
is 7.76 square inches. The flange angles and cover plates will 
therefore be made | inch in thickness. The web will also 
have ample strength when reduced to the same thickness. Its 
web and one of its upper flange angles is extended past the 
end post and riveted to each of the large pin plates by means 
of one 3i X 3i X i inch angle. As the bearing value of a 
field rivet in a |-inch plate is f x 3940 = 2620 pounds, the 
web of the floor beam must be united to these two connecting 
angles by 41 800 -f- 2620 = 16 rivets. This number will be 
inserted in addition to the rivets in the flange angles. Both 
of the lower flange angles and the strip of the web between 
them have to be cut off inside of the end post in order to clear 
the webs and upper angles of the latter. One angle of the 
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same section as the flange angles is riveted to the lower edge 
of the extended web in order to increase the stiffness of the 
connection. The regular cover plate of the end post is dis- 
continued at the top of the large pin plates, and a triangular 
cover plate is attached to these pin plates by two angles 
3i X 3 X i inch and is riveted to the upper flange of the 
floor beam. Its extension beyond the width of the end post 
adds materially to its efficiency in flxing the lower extremity 
of the end post so far as lateral flexure is concerned. 

The value of the end floor beam is not confined to its 
influence in stiffening the end post and thus reducing its 
weight, but also in doing away with the separate supports for 
the end stringers, thus reducing the number of supports of the 
bridge on the masonry from eight to four. One end of each 
span is hence free to expand without overcoming any friction 
between sliding bearings. 

The distance from the center of the lower chord to the 
inside of the inner eyebar at c is S + f + i+ixV + iV = 7 
inches, the usual clearances of \" and ^" being made as stated 
in Art. 54- At the panel point d the distance to the same bar 

is 5 + | + i+i+TV+i+TV+'i + TV = 8+* inches, 
while that to the inner eyebar in the third panel is \-^^ inches 

less. The divergence of these eyebars from parallelism with 
the axis of the chord is \\\ and f inch respectively. These 
divergences in a length of 23 feet 8 inches are allowable with- 
out requiring the eyebar heads to be bent so as to become 
truly parallel. The maximum divergence allowed is about \ 
inch to the foot. 

The lower end of the suspender is attached by means 
of three short angles 5 X 3i X f inch to a horizontal plate 
which also serves to connect the lateral braces, this in turn 
being united to the flats of the lower chord by means of two 
other angles the rivets in whose vertical legs should stagger 
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with those in the flats or plates in order not to reduce the net 
section of the chord. The greatest difference between the 
stresses in ad and dc due to the lower laterals is 39400 pounds, 
and this amount must be transmitted through both sets of 
rivets of the angles connecting the plate to the lower chord. 
This stress equals the strength of 9 shop rivets and of 13 field 
rivets in single shear, and in order that the bearing strength of 
the rivets may not be less than the shearing the thickness of 
these angles must be j\ inch. 

The counter tie Dc in the main truss is made adjustable by 

« 

inserting near one end a sleeve nut of standard form (Pocket 
Companion, page 216). 

The broken Hnes inside of the projection of the portal 
show that the required clearance is obtained {^^ 4, 5). The 
specification does not state what allowance is made for the 
brackets, but several well-known specifications require the 
•clearance of 14 feet wide to extend to a height of 1 5 feet, and 
a clear width of 6 feet at a height of 20 feet above the base of 
the rail. 

The manner in which the camber in the truss is to be 
secured is specified in ^ 109. This makes the distance be- 
tween centers of the upper-chord pins equal to 23 feet 8 inches 
-|- (23.67 -r- 80) inches = 23 feet S^j inches, when expressed to 
the nearest thirty-second of an inch. This will be the actual 
length of CD, but to obtain the length of BC one half of the 
clearance of the pin in the pin hole {^ 78) must be added, 
making its length 23 feet S^^ inches. The actual panel lengths 
of the lower chord are less than the nominal length by only 
the amount of the pin clearance. If the centers of the upper 
and lower chord pins be regarded as lying in concentric circles 
26.5 feet apart, the length of a diagonal is found to be 35 feet 
6^ inches, after subtracting the full pin clearance of ^j- inch. 

Another method of computing the actual length of the 
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truss members is based on the specification that such a camber 
shall be provided that when the maximum live load is on the 
bridge the lower chord pins may be in a horizontal plane. 
This requires the determination of the simultaneous stresses 
due to dead and live loads in all the members when the live 
load produces the maximum moment at the middle of the 
truss, and that the strains due to these stresses together with 
the pin clearance shall be properly combined with the nominal 
lengths. * For example, the stress in the chord cd for this 
loading is 6i 400 -(- 134400 = 195 800 pounds, the correspond- 
ing elongation is (195 800 X 284) -r- (25.00 X 26000000) = 
0.0856 inch, and the actual length center to center of pin holes 
is 284 — 0.0856 — 0.0312 = 283.8832 inches = 23 feet 7 J inches^ 
the coefficient of elasticity being taken at 26000000 pounds. 
The lengths of all the members are as follows : 

BC* 23 feet 8/y inches. Bb 26 feet 5j| inches. 

CD. 23 " 8-iV ** Be 

ab^bc, 23 " ^\\ " Cc 

cd 23 " T\ " Cd 

aB 35 " 6if " Dd 

Sometimes it is desired that under full load there shall still be 
a slight camber. In this case the dead-load stresses may be 
increased by a certain ratio before being added to the live-load 
stresses, and the strains due to the combined stresses com- 
puted. 

Art. 63. Final Estimate of Weight. 

After computing the weight of each member and its de- 
tails the results for one truss may be classified as follows : 

One Half Lateral and Trans- 
Truss Members. Pounds. verse Bracing. Pounds. 

Intermediate posts.. 5 356 Upper lateral ties 518 

Suspenders 3 oio Upper lateral struts . . 954 

Main ties 5804 Intermediate brackets 756 
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One Half Lateral and Trans- 
Truss Members. Pounds. verse Bracing. Pounds. 

Counter ties 870 Portal struts i 338 

Lower chord 13 070 Portal brackets 806 

Upper chord I5 176 Lower laterals 4048 

End posts II 978 

Pins (steel) i 376 

56 640 
Pedestals i 422 



8420 



58062 

The total weight of the above members exclusive of the 
pedestals is made up of the following items : 

Pounds. Per cent. 

Main shapes and plates composing members. 49926 76.7 

Pin plates 3442 5.3 

Stay plates and latticing 4 646 7.1 

Connections and other details 3 954 ' 6.1 

Rivet heads 3 092 4.8 

65 060 1 00.0 

The weight of the bridge, exclusive of pedestals and bear- 
ings, is divided as follows : 

Pounds. Per cent. 

Trusses and wind bracing 130 120 51.9 

Iron floor system 64 09S 25.5 

Track (as specified in T" 23) 56 800 22.6 

251 015 loo.o 

The iron floor system is made up of two end floor beams 
each weighing 2957 pounds including its connections, five 
intermediate floor beams and twelve stringers whose weights 
are given in Arts. 49 and 50. The dead load on the end pin 
of each truss is 251 015 -7- 4 = 62 754 pounds, and that on the 
rollers is 62 754 +711 =63 465 pounds. 
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If rails weighing 60 pounds per yard be used and the tim- 
ber be southern yellow pine estimated to weigh 3J pounds 
per foot, board measure, the weight of the track (Art. 49) is 
found to be 298 or say 300 pounds per linear foot. If this 
value be substituted above the percentages become 53.9, 26.5 
and 19.6 respectively, the weight of the bridge being 241,500 
pounds. The weight of the floor, system is 64095 -?- 142 = 
451 pounds per linear foot, and that of the trusses and wind 
bracing is 130 120 -r- 142 = 916 pounds per linear foot. 

The apex load at a is computed to be 10 454 pounds, 
whence the dead panel load for the truss is (125 508 — 20908) 
-f. 5 = 20920 pounds when the specified weight of track is 
included, and 19 970 pounds when the actual weight of track 
is substituted. There is a considerable excess over the dead 
load assumed in Art. 51, as might be expected from the nature 
of the design. All the effects of wind were taken into account, 
thus increasing both main sections and details above those 
which would be obtained by following the customary methods 
in general practice. 

Art. 64. Concluding Remarks. 

Since the assumed dead load is less than that obtained 
from the estimate in the preceding Article the design should 
be revised after re-computing the dead-load stresses. Not 
many sections of truss members will need to be changed since 
some have a small excess and most of the details have enougfh 
Strength to take the comparatively slight additional stresses. It 
will also be necessary to review the computations to see 
whether the assumed distances agree with the results obtained 
or whether they are on the side of safety. This revision will 
be left as an exercise for the student. 

The excess in the area of the upper chord might be avoided 
and the requirement of ^ 90 more fully met by omitting the 
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cover plate altogether and substituting stay plates and lattice 
bars like those on the lower side. The section for CD would 
then be composed of two web plates 14 X -^-^ inch and four 
angles 3i X 3 X § inch, giving a total area of 30.64 square 
inches, a moment of inertia of 810.7 inches*, a radius of gyra- 
tion of 5.14 inches, and therefore a required sectional area of 
29.76 square inches. The widths of the angles are here taken 
the same as those in the end post, although otherwise it would 
be preferable to use angles 4 X 3i X i inches, or to reduce the 
web to J inch and employ angles 4 X 3i X tV inch. The 
required area for BC being less than that for CD its web might 
be reduced to j\ inch, the angles remaining the same. This 
arrangement would reduce the sectional areas a little more than 
20 per cent and vyould thereby decrease the weight of the entire 
upper chord about 1535 pounds, exclusive of the reduction in 
pin plates, or a little more than 10 per cent. A serious objec- 
tion to an upper chord without a cover plate is that it is more 
liable to deformation in transportation. This objection might 
be reduced by introducing transverse bracing within the chord 
at given intervals. 

An economical post section is formed by four Z bars riveted 
to a single central web. If the web be placed perpendicular to 
the plane of the truss the moment of inertia of the post may 
be increased as required by the bending moment at the bracket 
by simply widening the web and so using but very little 
additional material. If this web be discontinued at the floor 
beam a very simple connection may be made by extending the 
floor-beam web between the Z bars and thus doing away with 
the usual connecting or hitch angles. This detail is embodied 
in the design of a Standard Short-span Through Bridge pub- 
lished in The Engineering Record, Vol. XXVIII, page 296, 
Oct. 7, 1893. 

The student is also referred to the general drawing of the 
Madison Street Bridge of the Chicago and South Side Rapid 
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Transit Railroad in The Railroad Gazette, Vol. XXV, pages 
'651 and 652, Sept. i, 1893. It shows one method of attaching 
the floor beams to the posts below the lower-chord pins, and a 
stiff lower lateral system having independent chords. Two 
papers on bridge design were read before the Engineers* Society 
of Western Pennsylvania in 1891 ; one by H. J. Lewis entitled 
Bridge Design is reprinted from the Transactions of the Society 
in condensed form in Engineering News, Vol. XXVI, page 367, 
Oct. 17, i89i,and the other on Bridge Details by E.SWENSSON, 
abstracted in The Railroad Gazette, Vol. XXIV, page 156, Feb. 
26, 1892. For an example of a long-span simple truss bridge 
see the paper of WiLLiAM H. BURR on the Channel Spans of 
the Cincinnati and Covington Elevated Railway, Transfer and 
Bridge Company in the Transactions American Society of 
Civil Engineers, Vol. XXIII, pages 47-94, Aug. 1890, as well 
as the monographs referred to in Art. 6. The indexes named 
in that Article will guide the student to other examples of pin 
bridges found in the various engineering periodicals. 
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CHAPTER VII. 
DESIGN OF A RIVETED TRUSS BRIDGE. 

Art. 65. Data and Specifications. 

It is required to design a highway through bridge for a 
3inall city with a roadway of at least 18 feet in the clear, one 
side being devoted to the usual highway transportation and 
the other to an electric street railway. The foot passengers 
are to be accommodated by a single sidewalk 5J feet in the 
clear. 

The span is 80 feet between centers of bed plates and the 
structure is to be designed in accordance with Waddell's 
General Specifications for Highway Bridges of Iron and Steel, 
Second Edition. Those portions of the specifications to which 
reference is made hereafter in this chapter are reprinted in this 
Article by the consent of the author. For convenience of 
reference these paragraphs are numbered consecutively without 
regard to those omitted. 

Although the span slightly exceeds 75 feet (see paragraphs 
20, 21, 36 and 37 of the specifications) the trusses will be 
made of the triangular riveted kind. In order to stay the 
upper chord laterally — in the absence of an upper lateral sys- 
tem — the floor beams will be riveted to vertical members 
which are attached to the upper chord at its panel points. 
This type is known as the Warren truss with sub-verticals. 
The number of panels in one half of the truss is shown in Fig. 
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42. The floor beams are placed at b, d,f^ etc., and are there- 
fore spaced 16 feet. The effective depth of the trusses will be 

taken 9^ feet or a little 
more than one ninth of 
the span (^ 38). This will 
make the angle between a 
diagonal and the vertical 
nearly 40 degrees. The 
metal to be employed is wrought iron (IT 22). The lateral 
system will be of the double Warren type, the braces meeting 
the chords midway betwee the floor beams and crossing each 
other at the centers of the floor beams. 

The following are the extracts from Waddell's Specifica- 
tions applicable to this design. 

1. Highway bridges shall be divided into four classes ; viz.. Class A, 
which includes those that are subjected to the continued application of 
heavy loads; Class B, which includes those that are subjected to the 
occasional application of heavy loads; Class C, those for ordinary light 
traflic; and Class D, those for unusually light traffic. In general it may 
be stated that bridges of Class A are for large, densely-populated cities; 
those of Class B for smaller cities and manufacturing districts; those of 
Class C for ordinary country roads; and those of Class D for districts 
where, on account of the hilly character of the country, large loads are 
unlikely to be transported, or for localities where the inhabitants are 
absolutely too poor to pay for heavier structures. In the latter case the 
bridges should be removed and replaced as soon as the traffic and 
resources warrant it. No bridge of Class D should have a span exceed- 
ing one hundred and sixty feet in length. 

2. All bridges shall be proportioned to sustain the stresses produced 
by the following loads: ist. The specified live load or loads. 2d. The 
dead load, which comprises the weights of all materials in the structure, 
and, in certain cases, an allowance for extraneous loading. 3d. The 
specified wind pressure, including both direct and. indirect effects. 
4th. Variation in temperature, when this affects the stresses, as for 
instance in a braced arch. 

3. The live loads for main roadways of bridges of the different 
classes are to be taken from the following table : 
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Span in Feet. 


Moving: Load per Square Foot of Floor. 


ClaM A. 


ClaM B. 


Class C. 


Class D. 


to 50 

50 to 100 

100 to 150 

15010 175 

175 to 200 

200 to 225 

225 to 250 

250 to 275 

275 10 300 

300 to 350 

350 and over. . . . 


100 
100 

95 
90 

85 
80 

75 
70 
65 
65 
65 


100 

95 
90 

85 
80 

75 
70 

65 
60 

55 
55 


80 
80 

75 
75 
70 

65 
60 

55 

50 

45 
40 


65 
60 

55 
50 

 



Provided, however, that in no case shall the total live load per linear 
foot be less than the following: Class A, 1800 pounds; Class B» 1400 
pounds ; Class C. 1000 pounds; and Class D, 800 pounds. 

4. When bridges have exterior sidewalks, the truss loads for the 
sidewalks are to be taken at four fifths (J) of those given in the last 
table. All live loads per square foot shall be applied to the width 
in clear specified for main roadway and sidewalks. 

5. The live loads for joists, floor beams, cantilever brackets, beam 
hangers and primary truss members are to be one hundred (100) pounds 
per square foot of floor for bridges of classes A and B, eighty (80) pounds 
per square foot of floor for bridges of class C, and sixty-five (65) pounds 
per square foot of floor for bridges of class D, irrespective of the length 
of span. 

6. When the main roadway of a bridge exceeds twenty (20) feet in 
width, the live loads thereon for floor beams and trusses maybe reduced 
one (i) per cent for each foot of width exceeding twenty (20) up to a 
limit of forty (40) feet width, after which the reduction shall remain 
constant at twenty (20) per cent. It must be understood that this 
reduction does not apply to the joists. 

7. This last rule is to be applied to the middle truss of a three-truss 
bridge by considering the width of roadway to be the clear perpendicular 
distance between outer trusses. It is to be applied also to trusses of 
bridges with sidewalks by considering the width of roadway to be the 
sum of the clear widths of main roadway and sidewalks. 
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8. In the case of bridges with exterior sidewalks, one sidewalk only 
and the roadway are to be considered loaded when proportioning the 
beam hangers and primary truss members of all bridges, and when 
proportioning the main truss members of all spans less than one hun- 
dred (loo) feet for bridges of class A, and of all spans less than eighty 
(80) feet for bridges of classes B and C. In all other cases both of the 
sidewalks and the roadway are to be considered loaded. The eccentric 
loading increases the live load per truss. But when a bridge has only 
one exterior sidewalk the effect of the eccentric loading is to be con- 
sidered to act upon the whole of the nearer truss ; and the sidewalk is 
to be considered empty when calculating the stresses in the farther 
truss. FJoor beams of bridges with one or two exterior sidewalks are 
to be proportioned on the assumption that, first, the main roadway is 
loaded and the sidewalk or sidewalks are empty, and, second, that the 
main roadway is empty and the sidewalk or sidewalks are loaded, due 
account being taken of the effect of reversing stresses as hereafter 
specified. 

9. In addition to the preceding loads, the floor, joists, floor beams^ 
beam hangers and primary truss members are to be proportioned for 
the following concentrated loads, which are, however, supposed to 
occupy a whole panel length of the main roadway to the exclusion of 
the other live loads there. 

Class A. — A road roller weighing thirty thousand (30000) pounds, 
of which twelve thousand (12000) pounds are concentrated upon the 
roller in front of the machine, and nine thousand (9000) pounds on 
each of the wheels at the rear, the distance between the central planes 
of these wheels being five (5) feet, and that between their axis and the 
axis of the roller eleven (11) feet. The width of the roller is to be four 
(4) feet, and that of each wheel one foot eight inches (i' 8"). 

Class B.-— A concentrated load of sixteen thousand (16000) pounds 
equally distributed upon two pairs of wheels, the axes of which are 
eight <8) feet apart, and the central planes of the wheels six (^ feet 
apart. 

Class C. — A concentrated load of ten thousand (10 000) pounds 
distributed in the same manner as for Class B. 

10. The maximum stresses due to all positions of the above live 
loads and those due to the dead load shall be taken to proportion all 
the parts of the structure, the sectional areas being increased whenever 
necessary to provide for wind stresses, as hereinafter specified. 
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11. Thed^ad load is to Include the weight of all the metal and wood 
in the structure, excepting that of those portions resting directly on the 
abutments, whose weights do not affect the stresses in the trusses ; also, 
if necessary, an allowance for snow, mud, paving or any other unusual 
fixed load tiiat may ever come on the bridge. 

12. Creosoted lumber is to be assumed to weigh four and one half 
(4i) pounds, oak and other hard woods four and one quarter (4^^) pounds, 
yellow pine three and one quarter (3J) pounds^ and white pine and 
other soft woods two and three quarter (2f) pounds per foot board 
measure. 

13. A bar of wrought iron one square inch in cross-section and three 
(3) feet long is to be assumed to weigh ten (10) pounds. Steel is to be 
taken two (2) per cent heavier, and cast iron six (6) per cent lighter 
than wrought iron. 

14. Should in any bridge of or below one hundred (100) feet span 
the calculated dead load differ more than five (5) per cent from that 
assumed, or in any bridge from one hundred (100) to two hundred (ioo) 
feet span more than four (4) per cent, or in any bridge from two hun- 
dred (200) to three hundred (300) feet span more than three (3) per cent, 
or in any bridge exceeding three hundred (300) feet span more than two 
(2) per cent, the calculations of stresses, etc., are to be made over with 
a new assumed dead load. 

15. The wind pressure per square foot for proportioning the lateral 
systems and sway bracing is assumed to be thirty (30) pounds for spans 
of one hundred (100) feet and under, and to decrease uniformly to 
twenty-five (25) pounds at three hundred (300) feet spans. For greater 
spans it is to be taken equal to twenty-five (25) pounds. 

16. For structures in unusually exposed situations these pressures 

« 

are to be increased by twenty-five (25) percent. The total area opposed 
to the wind is 10 be determined by adding together the area of the 
vertical projection of the floor, joists, guard rails and wooden hand 
railing (if there be any) including hub planks, twice the area of the 
vertical projection of one truss with the floor beam attached, if sus- 
pended, and twice the area of tlie vertical projection of the iron hand 
railing, if there be any. 

17. The total wind pressure on the structure is to be divided between 
the upper and lower lateral systems of through and deck bridges by 
imagining a surface midway between the upper and lower chords, and 
assuming that all the wind pressure on the parts above this surface will 



*l 



t« 



2l6 DESIGN OF A RIVETED TRUSS BRIDGE. CHAP. VIL 

be carried by the upper lateral system, and all on the parts below this 
surface by the lower lateral system. 

1 8. But in order to prevent undue vibration under live loads the 
assumed wind pressures per lineal foot of bridge shall never be less 
than the following : 

For lateral system of the unloaded chords : * 

Class A 1 50 pounds. 

Class B 125 " 

Classes C and D 100 *• 

For the lateral system of the loaded chords : 

Class A 250 pounds. 

Class B 225 

Classes C and D 200 

19. All wind pressures upon lateral systems are to be treated as 
moving loads. . . . 

20. The length of span is to be understood as the distance between 
centers of end pins for trusses, and between centers of bearing plates for 
plate and latticed girders. 

21. In general, spans of and below twenty (20) feet are to consist of 
rolled beams or simply wooden joists ; spans of from twenty (20) to forty 
(40) feet of riveted plate girders ; spans of forty (40) to seventy-five (75) 
feet of triangular riveted girders ; spans of seventy-five (75) to ninety 
(90) feet of pony trusses with floor beams riveted to posts, and spans 
exceeding ninety (90) feet of pin-connected through or deck truss 
bridges. 

22. All parts of the structure shall be of wrought iron or steel, except 
the flooring, floor joists, wheel guards, and in certain cases the hand 
railings. The wooden joists may be replaced by iron or steel beams, 
and the wooden floor by buckled plates with concrete and paving there- 
on. 

23. There shall be two classes of floor system, viz., Class I and 
Class II. 

Class I, used only for very important structures, shall be as follows: 
Stringers or joists of iron or steel, spaced not more than three and a 
half (3i) feet apart from center to center, shall be used under the main 
roadway. These shall be capped with nailing pieces about five (5) 
inches thick, upon which shall be nailed the floor, consisting of one 
thickness of three (3) inch plank running transversely or diagonally to 
the bridge, and another thickness of two (2) or three (3) inches laid 
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diag^onally, and crossing the lower planks at an angle not less than forty- 
five (45) degrees. The latter may be used as a wearing floor or may be 
covered with a pavement. The top flooring shall not exceed eight (8) 
inches in width when used as a wearing floor. The sidewalk floor shall 
consist of two (2) by six (6) inch planks nailed on transverse joists, 
which are supported by stringers of iron or steel. These wooden joists 
shall not be spaced more than two (2) feet centers. The under flooring 
of main roadway shall be fastened to the nailing pieces by wrought 
spikes seven (7) inches long by three-eighths (|) inch square ; the top 
flooring shall be fastened by fifty (50) penny nails ; and the sidewalk 
flooring by forty (40) penny nails, all of the best quality. The nailing 
pieces shall be fastened to the stringers by bolts with heads countersunk 
into the wood, and the sidewalk joists shall be attached to the stringers 
in a manner that will prevent displacement by wind. On account of 
the wide spaces between stringers, each stringer is to be assumed to sup- 
port the entire weight that the wheels can bring upon it, and as much 
of the roller load as can come on the distance between consecutive 
stringer ceisters. 

Class II. — The wooden joists shall rest either on the transverse 
floor beams or, preferably, on wooden shims that are firhily bolted to 
the floor beams. They shall be placed not more than two (2) feet from 
center to center, and shall lap by each other so as to extend over the 
full width of the floor beam or wooden shim, and shall be separated half 
(i) an inch, so as to permit the circulation of air. When they rest on 
wooden shims they shall be spiked thereto at each end by one seven (7) 
inch spike, driven obliquely into the end of the joist. 

24. In cases where the elevation of the floor surface is fixed, and where 
there is not sufficient clearance between the lowest part of the bridge 
and the ground or bed of the stream below to permit of the joists resting 
on floor beams, they may be allowed to abut thereon, and rest on angle* 
iron brackets. The joists in such a case are to be spiked to the brackets 
or bolted to angle lugs on the web of the beam. 

25. The cross section of the joists will depend upon their length and 
loading; but no joist shall be less than three (3) inches in width or 
twelve (12) inches in depth. 

26. The joists shall be proportioned — 

1st. For uniformly distributed loads by the formula 

en' 
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where IV is the safe uniformly distributed load in pounds, d the breadth 
of the joist in inches, d the depth of same in inches, / the length in feet, 
and c = 0.008 for pine and other soft woods, and 0.00575 for oak and 
other hard woods. This formula provides that the joists shall not 
deflect more than one four-hundred and-eightieth (7^7^) of their span 
under the greatest uniformly distributed loads, and thus checks injuri- 
ous vibrations. 

2d. For concentrated loads by tlie formula 

ii/ = 4 Kbd\ 
where M is the maximum bending moment in jnch-pounds upon a joist 
due to concentrated and dead loads, R =z- r200 for pine and other soft 
woods, and 1 500 for oak and other hard woods, and where b and d are 
respectively the breadth and depth of the joist in inches. But when the 
bending is due to the weight of a road roller, the values of R may be 
increased to 1500 for pine and other soft woods, and to 1800 for oak and 
other hard woods. This formula provides that the wood upon the lower 
edge of the joist shall not be strained beyond the proper limit. 

27. In calculating moments, the concentrated loads are to be assumed 
to be distributed as follows: 

For Class A. — The load upon the front roller is to be equally 
divided between all the joists which it can cover or partially cover at 
the same time, and the load upon each rear wheel is to be equally di- 
vided between the two nearest joists. 

For Classes B and C. — The load upon each wheel is to be divided 
equally between two joists. 

28. The floor planks for roadways, if of pine or other soft wood,, 
shall be at least three (3) inches thick, and if of oak or other hard wood 
at least two and one half (24) inches thick. 

29. They shall not be more than ten (10) or less than eight (8) inches 
wide, and shall be laid with one quarter (J) inch openings. Each plank 
shall be spiked to each joist upon which it rests by two (2) seven (7) inch 
cut spikes, the holes for which shall be bored in order to avoid splitting 
the timber. The thickness of the floor planks for sidewalks may be 
made as small as two (2) inches, and the spaces between them may be 
increased, if desired, to three quarters (}) of an inch. Their width is 
not to exceed six (6) inches. For the main roadways of bridges of class 
A there is is to be an additional wearing floor at least two inches thick. 
Bridires of class B may or may not have this additional wearing floor. 
All plank shall be laid with the heart side down. 
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30. Whenever in either class of floor system a wearing floor is used, 
the lower planks must be planed on one side and sized to a uniform 
thickness, so as to insure a perfect bearing between upper and lower 
floors. 

31. In both classes of floor there shall be a wheel guard of a scant- 
ling not less than four (4) inches by six (6) inches on each side of the 
roadway to prevent wheel hubs from striking the trusses. 

32. It is to be laid on its flat and blocked up from the floor by shims 
at least one (i) foot long, six (6) inches wide and two (2) inches thick, 
spaced not more than seven (7) feet centers, each shim being spiked to the 
floor by four (4) four-and-a-half (4^) inch cut spikes. The guard rails 
are to be bolted to the floor through the center of each shim by a three- 
quarter (J) inch bolt. When the guard rails are bolted to the wooden 
hand rail posts, the bolt heads are to be countersunk into the wood, so 
as to make a flush surface on the inner face of the guard rail. The 
joints in tlie guard rail are to be lap joints, at least six (6) inches long, 
each located symmetrically over the middle of a shim. When a bridge 
is on a heavy grade, the inner upper corners of the guard rails are to be 
covered with angle iron fastened to the timber by countersunk screws 
spaced about eighteen (18) inches apart, so as to protect the guard rails 
from the injurious effects of using them instead of wheel brakes for 
liravily loaded wagons. 

33. When iron hand railing is employed, it is to be of a firm, sub- 
stantial pattern, pleasing to the eye, and rigidly attached to the trusses 
or floor beams. Both through and deck bridges are to be provided with 
a hand rail on each side, not less than three and a half (3^) feet high 
above the floor. In case there be any liability of a horse jumping over 
this railing, its height must be increased to five (5) feet. There must be 
a hand rail on the outside of each sidewalk. 

34.. All floor timbers, guards and railings shall extend over all piers 
and abutments and make suitable connection with the embankments at 
the ends of the structure. Cast-iron aprons or cover joints shall be pro- 
vided at the ends of spans, if required. The floor of the sidewalks 
shall extend to and connect with the floor of the main roadway so as to 
leave no open space between them. 

35. Should there be one or more street railroad tracks crossing the 
bridge, there must be directly under each rail a joist or stringer, properly 
proportioned to resist the effect of the total maximum load on the rail ; 
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and the bending effect of the concentrated loads upon the floor beams 
must be duly considered. 

36. Any of the modern styles of iruss, approved of generally by 
American engineers, will be accepted ; but preference will be given to 
those in which the end posts are inclined and the intermediate posts are 
vertical, and in which' there is a single system of triangulation. 

37. The trusses shall be such as to give rise to no ambiguity of im- 
portance in calculating the stresses ; and in all parts shall be so designed 
that the stresses to which they may be subjected under all conditions of 
loading can be calculated with sufficient accuracy for all practical pur- 
poses. 

38. When floor beams are riveted to posts, the greatest depth for 
pony trusses is to be twelve (12) feet, and when floor beams are sus- 
pended it is to be nine (9) feet. Wherever {K)ssible the top chords of 
pony trusses and through plate or lattice girders are to be stiffened at 
each floor beam by side braces, having a batter not less than four (4) 
inches to the foot. 

39. When the use of side braces is impracticable, as in bridges with 
sidewalks, thefloor beams must always be riveted to the posts; and the 
top chords, batter braces and posts should be made fifty (50) per cent 
wider than the usual minimum in through bridges. The sections of 
side braces are not to be less than the following: 

2i" X 2i" X i" angles for lengths of 7 feet and under. 
2f" X 2I" X i" angles for lengths of 7 to 10 feet. 
3" X 3" X i" angles for lengths of 10 to 13 feet. 
3i" X 3i" X i" angles for lengths exceeding 13 feet. 

40. No rods having less than three fourths ()) of a square inch sec- 
tional area sliall be used in a- bridge. No channels less than six (6) 
inches in depth are to be used for upper chords, batter braces or posts, 
or less than five (5) inches in depth for other members. No flat bars 
less than one half (i) inch thick or less than two (2) inches wide are to 
be used for diagonals or chord bars ; nor any iron less than one fourth 
(i) inch thick anywhere in a bridge, except for filling plates. No truss 
strut is to have a ratio of unsupported length to least diameter exceed- 
ing forty-five (45). nor any other strut a ratio exceeding fifty (50). . . . 

41. All spans are to be provided with some means of expanding and 
contracting longitudinally with a variation in temperature of one hun- 
dred and fifty (150) degrees Fahrenheit. 

42. Spans of over seventy-five (75) feet are to have at one end nests 
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of turned wrought-iron or steel friction rollers running between planed 
Surfaces. 

43. Every span of a bridge must be anchored at each end to the piers 
or abutments, care being taken not to interfere with the longitudinal 
motion of the trusses due to changes of temperature and loading. 

44. At the roller end of every span the rollers must be so grooved 
and the shoe plates and bed plates so tongued as to provide against the 
tendency of the shoes to slide in a direction transverse to the span. 

45. Plate girders and lattice girders require no camber, but all pin- 
connected structures must be given a camber by making the horizontal 
panel lengths of the top chord longer than those of the bottom chord, in 
the proportion of three sixteenths (i\) of an inch for every ten (10) feet. 

46. Members subjected to either tension or compression combined 
with bending must be proportioned to resist the combined effects of 
these stresses. Top chords subjected to transverse loading should be 
made as deep as economy of material will permit. 

47. If the extreme fibre stress resulting from the weight only of any 
strut exceed ten (10) per cent of the allowed intensity of working stress, 
the section of the strut must be increased so that the combined inten- 
sities of direct stress and bending shall not exceed by more than ten (10) 
per cent the said allowed intensity of working stress. 

48. The bending effect of wind pressure upon batter braces is to be 
•combined with the indirect stress or transferred load stress due to wind 

pressure, and the dead load stress onlv, the structure being supposed to 
be empty when subjected to the maximum wind pressure. And in this 
case the intensity of working stress for the combined dead load and wind 
stresses may exceed by (50) per cent that employed for the combined 
live and dead load stresses in bridges of class A, and by twenty-five (25) 
per cent for bridges of classes B, C and D, the ratio of length to radius 
of gyration being assumed equal to zero. 

49. Similarly in proportioning bottom chords, the sectional area re- 
quired is to be determined, first, for the combined live- and dead-load 
stresses, employing the usual intensity of working stress; and second, 
for the combined dead-load stress, direct wind stress and transferred 
load or indirect wind stress, the intensity of working stress to be em- 
ployed being the last-mentioned intensity, increased by fifty (50) per cent 
for bridges of class A, and by twenty-five (25) per cent for bridges of 

•classes B, C and D. 

50. Whenever it is practicable, the lateral struts, lateral rods, portal 



222 



DESIGN OF A RIVETED TRUSS BRIDGE. CHAP. VIL 



struts, portal rods, intermediate overhead struts and vibration rods must 
be so connected that all the center lines of members of trusses, lateral 
systems and sway bracing coming together at an apex shall have a com- 
mon point of intersection. If such an arrangement be impracticable, 
provision must be made for tlie bending moments induced by the eccen- 
tric attachment. In such cases, however, it is permissible to strain the 
metal fifty (50) per cent more than usual for bridges of class A, and 
twenty-five per cent more than usual for bridges of classes B, C and D. 
provided that the induced stresses be due to wind pressure. The attach- 
ment of the lateral system to the chords shall be thoroughly efficient. 
If connected to suspended floor beams the latter shall be stayed against 
all motion. 

51. With the exception of top chords and batter braces, sections of all 
main members of bridges and viaducts are, whenever practicable, to be 
made symmetrical about two principal planes at right angles to each 
other, and containing the axis of the member, and the pin holes in the 
same must be located symmetrically in respect to one or the other of 
these principal planes. 

52. The intensities of working tensile stresses for iron and steel in the 
various members are to be as given in the following table, when the span 
does not exceed one hundred and fifty (150) feet. 



Members. 



Lower chords (plates or shapes) 
net section 

Middle-panel diagonals (plates or 
shapes) net section 

Hip verticals (plates or shapes) 
net section 

Angle lateral ties 

Flanges of rolled beams 

Flanges of built beams, net sec- 
tion 

« * * 



Iron. 



Class A. 



SOGO 

7500 

7500 
12 500 
10 000 

10 000 

* 



Classes B. 
C and D 



Sieel. 



Class A. 



\ I 



10 000 

9000 

12 500 
12000 

12000 



II 500 
9500 
9000 

l6 03O 

12500 



12500 



Classed B 
and C. 



13500 

II 5UO 

IIOOO 
16000 
15000 



15000 



53. The intensities for main diagonals between end diagonals and 
middle-panel diagonals or counters are to be interpolated directly accord- 
ing to their position. . . . 
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54. Angle irons subjected to direct tension or compression must be 
connected by both legs, or the section of one leg only will be considered 
as effective ; and the rij/ets must be staggered. 

55. In members subject to tensile stress full allowance shall be 
made for reduction of section by rivet holes, screw threads, etc. 

56. For truss members of bridges of class A the intensities of working 
compressive stresses in pounds are to be found by the following table : 



Conditions. 



Flat ends. 



One flat and one pin end. 



Pin ends. 



Iron. 



Steel. 



9000 — 30 — 



9000—35 — 



9000—40- 



12000—45 



12000—53- 



12 000—60 — 

r 



In which / = length of member in inches from center to center of 
connections, and r = least radius of gyration of section of member also 
in inches. 

57. For truss members of bridges of classes B, C and D the intensities 
of working compressive stresses are to be found by adding twenty-five 
(25) per cent to the intensities given by the above table. 

58. For members of the lateral systems and sway bracing of bridges 
of any class, the intensities of working compressive stresses are to be 
found by adding forty (40) per cent to the intensities given in the above 
table. 

59. In any portion of a bridge in which the stresses of tension and 
compression alternate frequently, the sectional area required is to be 
determined by dealing with the part thus affected, first for tjie calculated 
maximum tension, then for the calculated maximum compression, em- 
ploying for intensities of working stresses the values oip' in the follow- 
ing formula : 

, _ / ^ I smaller stressX 
\ 2 larger stress / 

where/ is the intensity that would be used were there no reversion of 
stress, and adopting the greater of the two areas thus found. 

60. The intensities of working shearing and bearing stresses on pins 
and rivets and the working bendinj^j stresses on pins are to be taken from 
the following table : 
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Stress. 


Iron. 


1 
Steel. 


Trusses. 


Lateral 

System 

and Sway 

Bracing. 


Trusses. 


Lateral 

hysi«:m 

and Sway 

Bracing. 

j 


Class A. 


Classes 
B, C and D. 


Class A 


Classes 
B, C and D. 


Shearing... 
Bearing . . . 
Bending. . . 


7500 
12000 
15 OCO 


9000 
15000 
18750 


II 000 
18000 
22 500 


gooo 
15000 
20000 


II 000 
19000 
25 000 


13000 
22 500 
30000 



61. The intensities of working bearing stresses are to be measured 
■upon the projection of the semi-intrados upon a diametral plane. 

62. For rivets driven in the field, provision will be made twenty-five 
<25) per cent in excess of the above requirements. 

63. Rivets must not be used in direct tension. 

64. In three (3) panel and four (4) panel spans the hip verticals are 
always to be stiffened so as to resist compression, and in all bridges 
preference will be given to designs having struts for hip verticals. 

65. The distance between centers of rivets for, plates strained in com- 
pression shall not exceed sixteen (16) times the thickness of plate in line 
of stress, nor thirty-five (35) times the thickness of plate at right angles 
to the line of stress, except in the case of top plates for upper-chord or 
batter-brace sections, when it may be as great as forty (40) times the 
thickness. 

66. But if portions of the plate be held between two other plates or 
angle legs, the unsupported width may be taken as the distance between 
•edges of said plates or angle legs instead of between centers of rivet 
holes. 

67. All plates and angles used in chord sections should, if practicable, 
be ordered the full length of the section. 

68. In partial splices of chord sections no dependence is to be placed 
on abutting ends, and the splices must be made of the full strength of 
the parts spliced. 

69. But in complete splices at the end of sections perfect abutting of 
ends is to be relied upon. . . . 

70. No shoe plate resting on masonry is to have a less thickness than 
one half (i) of an inch, and no plate resting on rollers a thickness less 
than five eighths (f) of an inch. When twelve (12) inch channels are 
used for the batter braces, these dimenGlons must be increased to five 
eighths (f) of an inch and three quarters (J) of an inch respectively; and 
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when eighteen (18) inch channels are used, they must be increased to 
three quarters H) of an inch and seven eighths (}) of an inch respec- 
tively. Moreover, in all cases, both of the above-mentioned plates must 
be properly stiffened either by their attachments or by independent 
ang^le irons. 

71. Every bearing upon masonry must be provided with either a bed 
plate or a roller plate well fastened to the masonry by at least two (2) 
bolts not less than (i) inch in diameter; but if the shoe plate be suffi- 
ciently large, it may act as a bed plate at the fixed end of the span. Bed 
plates must be of such dimensions that the greatest pressures on the 
masonry shall not exceed those given in the following table : 



Material. 


Permissible 
Pressure per 
Square Inch. 


Material. 


Permissible 
Pressure per 
Square Inch. 


Am. Nat. cement concrete 
Brickwork 


100 pounds 

130 

150 

150 


Extra good sandstone. . . . 
Ordinarily good limestone 
Extra good limestone. . . . 
Granite 


2o6 pounds 

250 

300 

450 


Portland cement concrete. 
Ordinarily good sandstone 





72. The tension flanges of built floor beams and plate girders are to 
be proportioned by the formula 

where A is the area of the flange, A' the area lost therefrom by one or 
more rivet holes, T the intensity of working tensile stress, M the 
greatest bending moment on the beam, and D the depth between centers 
of gravity of upper and lower flanges. No part of the web is to be 
assumed to resist bending, its office being simply to take up the shear. 

73. The compression flanges of built floor beams and piate girders 
are to have sectional areas at least as great as those for the tension 
flanges. 

74. The web plates shall not be subjected to a shearing stress of 
greater intensity than that given in the following table : 



Classification. 


Iron. 


Steel. 


Class A 


4000 

5 000 


5000 
6000 


Classes B, C and D 
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75. All web plates must have stiffening angles over bearing points, 
and at points of local concentrated loading, ordinary joist bearings ex- 
cepted, also at intervals equal to about one and a half (i^) times the 
depth of the girder when the ratio of depth of web to thickness of same 
exceeds eighty (80). 

76. No intermediate stiffeners need be used with a leg over three (3) 
inches in width perpendicular to the web of the girder, and this dimen- 
sion may be reduced to two and a half (2^) inches when practicable. 

77. No fillers need be used under stiffeners, but the stiffeners may be 
crimped (i.e.. offset), so as to fit the web plates and angles. The ordi- 
nary limit of greatest offset maybe taken at three quarters (}) of an inch ; 
but this may be increased to one (i) inch for extreme cases. 

yS. The webs of plate girders with cover plates shall be overrun by 
the flange angles by an amount not exceeding one quarter H) of an inch 
for each flange, in order that the web and cover plates may not interfere 
in assembling the girder for riveting. 

79. The compression flanges of beams and girders shall be stayed 
against transverse crippling when their length is more than thirty (30) 
times their width. 

80. The flange plates of girders shall be limited in width so as not to 
extend beyond the outer line of rivets connecting them with the angles, 
more than five (5) inches or more than eight (8) times the thickness of 
the first plate. When two or more plates are used on the flanges they 
shall either be of equal thickness or decrease in thickness outward from 
the angles. 

81. In plate girders with flange plates at least one half of the flange 
section shall be angles, or else the largest-sized angles procurable must 
be used. 

82. In determining the rivet spacing in the flanges of floor beams 
the flanges are to be divided in portions of lengths about equal to the 
depth, the stresses in the flanges are to be found at each point of 
division, and there must be enough rivets connecting angles to web 
between any consecutive points of division to take up the difference 
between the stresses at the points, providing that the rivets be not 
spaced more closely than three (3) diameters and not more than six (6) 
inches apart. 

83. Plate girders shall have preferably a depth not less than one tenth 
(i*j) of the span. 
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84. Rolled beams shall be proportioned by the formula 

where M is the moment in inch-pounds, / the moment of mertia of the 
section in inch measurement, d the extreme deptli of girder in inches, 
and R the proper intensity of working stress. 

85. Rolled beams used as longitudinal girders shall have preferably a 
depth not less than one fifteenth (-j^) of the span. 

^, The greatest allowable pressure upon expansion rollers shall be 
determined by the formula 

P^aD, 

where P is the permissible pressure in pounds per lineal inch of roller, 
D is the diameter of the roller in inches, and a is a constant to be taken 
from the following table : 



Classification. 


Iron. 


Steel. 


Class A .% 


350 
440 


500 
620 


Classes B. C and D 





87. The least allowable diameters for expansion rollers are one and 
three quarter (if) inches for bridges of class A. and one and a half {\\) 
inches for bridges of classes B, C and D. The spaces between rollers 
must be made as small as practicable. 

%%. Finally, as regards the proportioning of any structure, if cases 
should occur which are not covered by the preceding specifications, the 
following rule is to be adhered to : " Details must always be propor- 
tioned to resist every direct and indirect stress that may ever come upon 
them under any probable circumstances, without subjecting any portion 
of their material to a stress greater than the legitimate corresponding 
working stress." 

89. The rivets used shall generally be five eighths (J), three quarters 
(}) and seven eighths (|) inch in diameter. None smaller than one half 
(i) inch in diameter shall be allowed. 

90. The pitch of rivets in all classes of work shall never exceed six (6) 
inches, or sixteen (16) times the thinnest outside plate, nor be less than 
three (3) diameters of the rivet. At the ends of compression members 
it shall not exceed four (4) times the diameter of the rivets for a ienjjth 
equal to twice the width of the member. 
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91. When two or more thicknesses of plate are riveted together in 
compression members, the outer row of rivets shall not be more than 
three (3) diameters from the side edge of the plate. 

92. No rivet-hole center shall be less than one and one half (i^) diam- 
eters from the edge of a plate, and whenever practicable this distance is 
to be increased to (2) diameters. 

93. No rivet shall be countersunk in a plate less than three eighths 
({) of an inch in thickness. 

94. In the cases of flanges or chords of plate girders, if the angle iron 
used has a thickness of three eighths (i) of an inch or more, the angle 
must be so chosen that seven eighths (}) inch rivets shall invariably be 
used. 

95. The pitch of rivets in the compression flanges or chords of 
stringers or iron joists shall be uniform throughout the entire length 
and equal to the minimum, i.e., equal to that used near the ends. 

96. Field riveting must be reduced to a minimum. It must be done 
with a button sett; the heads of the rivets must be hemispherical, and 
no rough edges must be left. 

97. All the rivets in splice or tension joints are to be symmetrically 
arranged so that each half of any tension member or splice plate shall 
have the same uncut area on each side of its center line. 

98. No rivet, excepting those in shoe plates and roller or bed plates, 
IS to have a less diameter than the thickness of the thickest plate 
through which it passes. 

99. The effective diameter of the driven rivet in punched holes shall 
be assumed the same as its diameter before driving; but in making 
deductions for rivet holes in tension members the diameter of the holes 
shall be assumed one eighth (i) of an inch larger than the undriven 
rivet. The effective diameter of the driven rivet in reamed holes shall 
be assumed one sixteenth (^) of an inch larger than its diameter before 
driving, and in making deductions for rivet holes in tension members 
the same allowance shall be made. 

100. In the effective area of riveted members, pin, bolt and rivet holes 
shall be counted out for tension, and bolt and pin holes shall be counted 
out for compression. 
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Art. 66. Floor Syi>tem. 

(See Paragraphs 5-12, 22-35, 52, 59, 72-85 and 94 of the 

Specifications in Art. 65.) 

Let Class II of the floor systems specified (^ 23) be 
adopted, the depth of floor being reduced by means of the 
arrangement indicated in ^[ 24. Using a single layer of 3J- 
inch white-oak plank (^|*[ 28 and 29) and white-pine stringers, 
the weight of the wooden floor is found, according to ex- 
perience, to weigh about 23 pounds per square foot. With 
the maximum spacing of 2 feet between centers {^ 23), the 
live load of 100 pounds per square foot of floor (^ 5) and 
an allowance of 20 pounds per square foot for snow and mud 
(•[ 11), the weight supported by one joist whose span is 16 
feet is (23 -f- 100 -|- 20)2 X 16 = 4580 pounds. Assuming a 
depth of 14 inches {^ 25) the deflection formula in ^ 26 gives 
for this uniform load 

d = 4580 X 0.008 X "Te* -7- 14* = 3 4 inches. 

The concentrated live load in ^ g causes a maximum bend- 
ing moment of 9000 pound-feet in one joist (•[ 27), while the 
dead and snow loads give an additional bending moment of 
2752 pound-feet. Using a depth of 14 inches, (9000 + 2752)12 
= 1200 X * X 14 X 14-^-6, whence 6 = 3.6 inches (•[ 26). 
Joists 4 by 14 inches will therefore be used for the roadway. 
One white-pine joist weighs 205 pounds (^ 12) and carries 476 
pounds of plank, and about 42 spikes weighing 14 pounds, 
making a total of 695 pounds, or say 700 pounds. This equals 
about 22 pounds per square foot, or a little less than that as- 
sumed for the wooden floor. 

On the sidewalk the spacing of the joists may conveniently 
be reduced to 20 inches, and hence if the depth is the same 
the breadth of the joists must be 20 X 3.6 -r- 24 = 3.0 inches 
on the assumption that the dead and snow loads are reduced 
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only in the same ratio as the spacing. The dead load is really 
less than this, since white-pine planking 2 inches thick {^ 29) 
will be employed. The joists will be laid on top of the canti- 
lever brackets and lapped by each other with space between 
them for ventilation (•^ 24). If each joist is 17 feet long its 
weight is 164 feet, and about 5 pounds of 40-penny nails are 
required to nail the plank to it. The plank supported by one 
joist weighs 147 pounds. It is assumed that the sidewalk will 
be cleared of snow and hence the weight of the latter is not 
taken into account. 

Both in the sidewalk and in the roadway the joists should 
be stayed sidewise by a line of bridging at their mid-span. 
Scantling 2X4 inches spiked to the joists will answer for this 
purpose. 

The live load selected for the street railway consists of 
a Pullman double-deck motor car weighing 25 880 pounds 
equally distributed on two pairs of wheels with axles 7 feet 
apart, followed by a trailer weighing 22 500 pounds, distributed 
on two trucks whose centers are 18 feet apart, each truck hav- 
ing its two axles spaced 4 feet 9^ inches between centers. 
The maximum capacity of the motor car is 130 and of the 
trailer 200 passengers. Estimating the average weight of the 
passengers at 130 pounds the total weight on each wheel is 
10 700 pounds for the motor car and 6060 for the trailer. The 
distance from the rear wheels of the motor car to the front 
wheels of the trailer is 13. i feet. 

An iron stringer is to be placed under each rail of the track 
(T 35) whose position is shown on the cross section of the 
bridge on Plate V. To provide sufficient clearance between 
the car and the truss, the farther rail is placed 8i feet from 
the center of the truss. It is seen that one half of the width 
of the roadway is devoted to the electric railway, since the 
body of the cars is 8 feet wide and extends about i^ feet 
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beyond the rail. One wooden joist is put between the iron 
stringers, and the remaining joists are placed as shown on the 
drawing. 

The maximum moment in the stringers due to the live load 
is produced by the motor car and equals 52 250 pound-fett. 
On account of ^ 85 the depth of the I beams to be used as 
stringers must be 15 inches. Let the lightest section (as 
given in one of the handbooks), weighing 50 pounds per foot, 
be tried. Assuming the width of floor supported by them to 
be 2 feet 9 inches, the weight of plank is 476 X 2.75 -^ 2.0 = 655 
pounds, and if it be supposed that on the track the snow or ice 
will not exceed one half the weight allowed for the rest of the 
roadway, the snow load for a stringer is 10 X 2.75 X 16 = 440 
pounds. .The weight of the rail and its spikes may be taken 
at 62 pounds per yard or 351 pounds per 16 feet. The rail 
and plank are supported on a white-pine nailing piece 5 inches 
thick (^ 23) and 6 inches wide, bolted to the upper flange of 
the stringer. Its weight is no pounds and that of the bolts 
IS about 4 pounds more. The total uniform dead load on the 
stringer is therefore 1920 pounds and the snow load 440 
pounds. The maximum bending moment is then 52 250 
+ ^(1920 + 440)16 = 56970 pound -feet. This requires an 
I beam whose moment of inertia of cross section is (^^ 52 and 

«4) 

/= 56970 X 12 X 7.5 -^ 12000 = 427 inches*. 

The shape referred to above has a moment cf inertia of 522 
and hence has ample strength. If a 12-inch I beam be tried it 
is found that a heavier beam is required. 

The cantilever bracket will be composed of a triangular 
web plate with flanges consisting of two angles each, the 
bracket being attached to the sub-verticals of the truss and to 
the web of the floor beam by means of splice plates as shown 
on the drawing. Although iron ^ inch thick is allowed (Tf 40), 
none less than ^^^ inch will be employed. Placing the center 
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of the inner joist 6 inches from the center line of truss, and 
spacing the joists 20 inches apart, the lapped ends being 
separated as required in ^ 23, the bracket will be subject to 
four loads of 316 pounds, each distant 8, 28, 48 and 68 inches 
respectively from the center line of truss. The iron hand rail- 
ing {^ 33) will be about 73 inches distant. A continuous rail- 
ing (Albree's style O) is selected which weighs 28 pounds per 
linear foot, and 3 pounds per foot additional for braces and 
fittings. This gives a concentrated load of 496 pounds for the 
railing. The live load on the bracket is 100 pounds per square 
foot {^ 5). The sidewalk is 5.5 feet wide in the clear, and the 
center of gravity of its live load is about 38 inches from the 
truss. 

The bending moment at the support due to all tRese loads 
(not including the weight of the bracket itself) is 41864a 
pound-inches, and for an effective depth of 24 inches the net 
section of the upper flange must be 1.5 square inches (T 52). 
No angles narrower than 2^ inches will be used in the bridge,, 
and if J-inch rivets be used in the bracket flanges, two angles 
2j X 2i X iV J"ch give a net section of 2.4 square inches 
(If 99)* Angles of the same size will be used for the lower 
flange. The y'^j-inch web is also found to have an excess of 
section beyond that required for the vertical shear at its sup- 
port (1 74). 

The joists are held in place by being bolted to clips of 
angle iron 6 X 3i X I inch, 6 inches long, each of them 
being attached to the bracket flange by two J-inch rivets. In- 
cluding these clips and bolts the weight of the bracket is com- 
puted to be 260 pounds, making the total dead load 2020 
pounds. The moment of the dead load with reference to the 
center line of truss is 93 600 pound-inches and hence its center 
of gravity is 46 inches distant. 

The floor beam will now be designed. The outer joists of 



Art. 66. floor system. 233 

the, cesbdway support a guard rail (^Tsi and 32) which, if 
made of white oak, will weigh 150 pounds including its shims, 
spikes and bolts. The concentrated dead loads on the floor 
beam are 850, 700, ^00, 700, 700, 1920, 700, 1920 and 850 
pounds when taken in order from left to right. The snow 
loads are 640, 640, 640, 640, 640, 440, 320, 440 and 640 pounds 
respectively. The live load is 100 pounds per square foot of 
floor (^ 5) and covers a width of 8.5 feet, extending to a line 2 
feet from the inner rail of the track* The live loads concen- 
trated by the five joists on the left of the track are 2000, 3200, 
3200, 3200 and 2000 pounds. The maximum floor-beam re- 
action for each rail due to the weight of the loaded electric 
cars is 17 820 pounds. As the uniform live load covers only a 
part of the roadway the slight reduction allowed in ^^^ 6 and 
7 will not be made. This will also offset the weight of laterals 
supported at the middle of the floor beam and which will 
therefore not be considered. 

When the sidewalk is empty and the live load and snow 
cover the roadway (•[ 8) the left reaction equals 30 1 15 pounds 
and the vertical shear passes through zero at the inner iron 
stringer. The bending moment in the floor beam due to this 
external loading is 186900 pound-feet. The web of the floor 
beam will be taken 28 inches deep, or about one eighth of the 
span (T^ 83), and its weight is estimated at 2400 pounds. The 
bending moment due to its own weight at the same section is 
5900, making a total of 192 800 pound-feet. 

When the sidewalk is loaded and the roadway empty, the 
total load exclusive of the weight of the floor beam is 19 860 
and the left reaction is 16750 pounds. The moment diagram 
is shown in Fig. 43. The moment is zero at a section about 6 
feet 4 inches from the left support. This point is so far from 
the section where the positive moment is a maximum under 
the former loading that the moment is reduced more propor- 
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tionately than the corresponding unit stress after applying the 
formula in ^ 59. 



Fio. 43. 

The concentrated load specified in ^ 9 produces a smaller 
effect than those just considered, since tiie former excludes all 
otlier live loads from the whole panel. 

For an effective depth of 25.1 inches the net area of the 

lower flange must be (TT[ 72 and 52) 

186900 X 12 ^„ . , 

 — = 7.D0 square inches. 

25.1 X 12000 ^ 

Two angles 5 X S X i inch give a net area of 8.50 square 

inches ("f 81) provided only one rivet hole is deducted from 

the section of each angle (IT 55 and 99). The rivets are J 

inch in diameter (T^94). The upper flange may have the same 

composition (T 73). The flange angles-will be united to the 

web by two rows of rivets, and since the lateral braces are to 

be attached to the lower flange at the middle (Art, 65) it will 

be necessary to use there only a single row of rivets for a short 

distance in order to avoid the necessity of deducting two rivet 

holes for each angle and thus requiring a heavier one. 

The greatest reaction under any loading occurs at the right 

support and equals 35 225 pounds. The web therefore requires 

a net section of 35 225 -^ 5000 = 7.05 square inches (T 74), If 

nor more than 9 rivet holes have to be deducted the web need 

not exceed | inch in thickness. This is certain since fillers 

should be used under the end connecting angles, thus placing 

the rivets in two rows. 
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The minimum pitch of flange rivets (T[ 82) must also be 
found at the right end of the floor beam. The difference of 
flange stress between the support and tiie nearest joist 15 
inches distant is 21 730 pounds, making; the pitch for a single 
row 3.46 inches {^^ 60 and 61). As there are two rows of 
rivets they will be spaced 6 inches in each row. This arrange- 
ment provides a larger number of rivets toward the middle of 
the beam than is theoretically required. 

As the ratio of the depth of web 10 its thickness is less 
than 80, no stiffeners are required (^f 75) except at the location 
of the iron stringers. One 3i X 3 X i inch stiffener will be 
placed on one side of each I beam and riveted to it, the flanges 
being cut away on that side for this purpose. On the other 
side of each beam a short connecting angle of the same section 
will be used. The stiffener will be crimped over the flange 
angles (T[ y^)' The maximum shear in the stringer due to the 
live load is 16 720 and that due to the dead and snow loads is 
1 180 pounds. As the web of the stringer is i inch thick it 
will require (17 900 -f- 6560)1.25 = 3.4 or 4 field rivets {^\^ 60- 
62). The number of rivets uniting the connecting angles to 
the web of the floor beam must not be less than (1920 -{-440 
-|- 17 820) -f- 4920 = 4.1 or 5 shop rivets, or 6 field rivets. The 
stiffeners will be riveted to the floor beam in the shop, while 
the other angles will be riveted in the field. 

Each support for the joists consists of one horizontal angle 
3i X 3 X t inch, two vertical angles 3 X 3 X iV inch, and one 
filler 3 X f inch, all of these shapes being 6 inches long. Four 
rivets unite the support to the web of the floor beam. Angle 
l^gs si X 3 X i inch and J-inch bolts are used to hold the 
joists in position. 

The weight of the floor beam may now be computed and it 
is found to be 2320 pounds. This includes the weight of the 
14 three-quarter-inch bolts just referred to, but does not 
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include the splice plates and their rivets at the ends of the 
floor beam, and which cannot be designed until the section of 
the lower chord of the truss is determined. 

The end floor beams may have their flange angles reduced 
to a thickness of f inch, the other dimensions remaining un- 
changed. This diminishes the weight 295 pounds. 

Art. ty. Stresses. 

(See Paragraphs 2-13, 15-20, of the Specifications in Art. 65.) 

The floor-beam reaction at the truss adjacent to the side- 
walk, due to the weight of the floor of the main roadway, but 
exclusive of that of the floor beam itself, is 4146 pounds. The 
reaction due to the sidewalk floor and bracket is 2410 pounds, 
and one half of the weight of one floor beam is 1160 pounds. 
The weight of the truss and one half of the lower lateral system 
is estimated at 250 pounds per linear foot or 250 X 16 = 4000 
pounds per panel. The dead panel load is therefore 4146 + 
2410+ 1 160 + 4000 = 1 1 716, or say 1 1 720 pounds. The cor- 
responding reaction due to the snow load is 2760 pounds. 

The live load to be used in computing the stresses in the 
** main truss members " is not the same as that specified for 
the joists, floor beams and cantilever brackets. In this ex- 
ample the live load per square foot of floor is 95 pounds (^[3) 
and that on the sidewalk is four fifths of this amount, or 76 
pounds (T 4). The load in the roadway covers only the por- 
tion nearer the sidewalk, as stated in the preceding Article in 
connection with the design of the floor beam. This gives a 
live panel load for the truss of 17 280 pounds (•[ 8). For the 
" primary truss members," or sub-verticals in this case, the live 
load is the same as for the floor beam i^ 5), the panel load be- 
ing 20220 pounds. The dead, snow and live panel loads at 
the end floor-beam connections are three fourths of the value 
of the others. 
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The stresses due to these panel load^ are given in the fol- 
lowing table. That portion of the dead panel load which 
comes from the weight of the truss and laterals should really 
be divided, nearly one half of it being applied at the upper 
chord. This division, however, only affects the sub-verticals, 
and hence 1800 pounds is deducted from the tension which 
would exist in the sub-verticals Dd and Ff if the entire dead 
load were applied at the floor-beam connection. 



TABLE OF STRESSES. 



Members. 


Dead Load. 


Snow Load. 


Uniform Live 
Load. 


Concentrated 
Wheel Loads. 


Maximum. 


aB 


- 34 470 


— 8120 


— 50 830 


— 24 160 


— 117 5S0 


Bc=-'cD 


-|- 22 980 


+ 5410 


+ 35 580 


+ 16 940 


4 80 910 


De^-eF 


+ 7660 


+ 1800 


+ 19 770 


+ 9920 


+ 39150 


Bb 


+ 6990 


+ 2070 


+ 15 170 


-|- 10 140 


+ 34 370 


Dd=Ff 


4- 9920 


+ 2760 


+ 20 220 


-h lo 73U 


+ 43 630 


BD 


— 37 010 


— 8720 


- 54 570 


— 23 2TO 


— 123 510 


DF 


- 56 750 


-- 13 360 


— 83 670 


- 35 700 


— 189 4S<^ 


ac 


-f- 22 210 


+ 5230 


+ 32 740 


+ 15 560 


+ 75 740 


ce 


+ 51 Sio 


4- 12 200 


-j- 76 .400 


+ 34 100 


+ 174 510 


'/ 


*-f 6r 680 


+ 14 530 


+ 90 950 


+ 37 890 


-I-205 050 



The stresses due to the concentrated wheel loads were 
found graphically by the method explained in Art. 31, under the 
condition that the entire load was supported by one truss, but 
as the center of the track is 6 feet and J inch from the nearer 
truss this one receives 69.8 per cent, while the farther truss 
receives 30.2 per cent. Only the stresses in the latter truss are 
inserted in the table. 

As it is supposed that the full live load will not be on the 
bridge when the wind pressure is a maximum the stresses due 
to wind need not be computed for any members except the 
laterals. Only two members in the half span of the truss are 
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subject to reversal of stress, viz., De and eF, The live-load 
stresses in each of these members are 8470 pounds for the uni- 
form and 4550 pounds for the concentrated loads, and hence 
the minimum stress is 8470 + 4550 — 7660 = 5360 pounds. 
The stress due to the overturning effect of the wind reduces 
the magnitude of this minimum stress, but as its value will be 
comparatively very small it will not now be considered. 

Using the wind pressure specified in ^ 18, the wind panel 
load for each system of lateral braces is ^(125 + 225)16 = 
2800 pounds. As nearly this entire amount is applied at the 
floor beam, it will be on the safe side to regard the whole of it 
as so applied. At the end floor beam the panel load is reduced 
one fourth. This gives stresses of ± 8070, ± 5650 and ± 3140- 
pounds i^ 19) in the laterals on the left of the first, second 
and third or middle floor beams respectively. The stress in 
the strut connecting the shoes is a compression of 6300 pounds 
minus the friction of the windward shoes, the latter being 
equal to 3660 pounds for a coefficient of friction of 0.15 and a 
release of weight due to the wind of 2000 pounds. 

The above stresses refer to the truss adjacent to the side- 
walk, all of the stresses in the other truss being somewhat less. 
If two trailers, instead of one, followed the motor on the street 
railway the stresses in the two trusses would have nearly the 
same magnitudes. 

Art. 68. Sections of Truss Members 

(See Paragraphs 2, 40, 46-49, 51-59 and 64-66 of the 
Specifications in Art. 65.) 

The minimum lower-chord section will be made up of a 
central vertical web and two angles, and this will be increased 
by the addition of one or more cover plates. In order that 
the increments of chord stresses may be distributed by the 
connecting plates as directly as possible into the shapes 
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composing the chord, these plates will be placed between the 
web and the angles. This arrangement will require the inser- 
tioYi, beyond the connecting plates, of 
small fillers under the angles that add 
nothing to the net strength of the lower 
chord, but it is considered that the ad- 
vantages secured more than compensate 
for this additional material. The section ^^' ^^' '^' ^^' 

is shown in Fig. 44. 

As the upper chord requires a wide section, angles will be 
used whose vertical leg is only sufficient to give ample room 
for a single row of rivets in splicing, and whose horizontal leg 
is wide. The lower part of the web also requires stiffening by^ 
means of two angles {^^ 65 and 66). The arrangement is 
shown in Fig. 45 (T[ 51). It will be desirable to use a web of 
the same dimensions as well as angles of the same widths ia 
both chords. 

The net sectional areas of the lower dhord are 7.57 for ac 
(see Fig. 42), 17.45 for ^^, and 20.50 square inches for ^/(T"^ 52,. 
55, 99 and 100). Its composition is as follows: 

1 web, 14'' X TV'* 6.12 — 2(0.44) 5»24 sq. in. 

2 angles, 6" X 3i" X jV\ 2(3.97 — 0.44). . . • 7.06 

Net area oi ac = 1 2.30 

I cover plate, 14'' X i'^ $.25 

Net area of ^^ = I7«55 

I cover plate, 14" X tV" 4-38 

Net area of ^/ = 2 1 .93 

There is considerable excess in the net section of ac which 
will allow more than two rivets to be placed in a vertical row 
if necessary. To reduce the size of the angles throughout and 
increase the first cover is not desirable since all the stress in 
the covers has to be transferred through the angles from the 
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connecting plates at the joints, and to reduce them only in the 
end panel would require an additional splice. No thinner plate 
than -^^ inch will be used. • 

The above areas were obtained by deducting the rivet holes 
in the web and vertical legs of the angles. If a section be 
taken through the rivets in the horizontal legs of the angles 
and which stagger with the others, the net sections will be 
14.06, 17.69 and 2 1. 45 square inches respectively. The centers 
of gravity of the net chord sections are 3.51,2.73 and 2.16 
inches from the horizontal backs of the angles. The compula- 
tion referred to in ^ 49 applies to trusses with overhead brac- 
ing and a comparatively narrow roadway, in which case the 
lower chord in the end panel may have its stress reversed. 

Without giving the preliminary computation for the upper 
chord its composition and gross sectional area are found to be 
as follows: 

1 web, 14" X iV" 6. 12 sq. in. 

2 angles, 6" X zi" X I" » • 6.84 

2 fillers, 3i" X A" 2.18 

2 angles, 3" X 3" X A" 3-56 

 

AredL of BD =18.70 

I cover plate, 14" X I" 5.25 

Area of BF. = 23.95 

The least moments of inertia of these sections occur with 
reference to a vertical axis through their respective centers of 
gravity (see Fig. 45) and equal 78.3 for BD and 164.0 for 2)Fj 
the radii of gyration being 2.05 and 2.62. If, in view of the 
manner in which the upper chord is stayed, the condition of 
the ends of the chord members be regarded as intermediate 
between flat ends and pin ends, the corresponding unit stresses 
are 7150 and 8040 pounds per square inch (^T" 56 and 57), and 
the required areas 17.28 and 23.68 square inches. The centers 
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of gravity of these sections are 5.29 and 4.08 inches below the 
horizontal backs of the upper angles. 

The chords may now be placed in position on the drawing. 
The lines of action of the stresses in truss members meeting at 
any point should intersect in one point. This is not practicable 
at every joint since the centers of gravity of the chord sections 
are located at different elevations, but the eccentricity should 
be reduced to a minimum. Let two horizontal lines be drawn 
at a distance apart equal to the depth used in computing the 
stresses, or 9.5 feet. The backs of the angles in the lower chord 
will be placed 2\ inches below the lower line, and those in the 
upper chord 4J inches above the upper line. The latter meas- 
urement might have been 4^ inches, but by increasing it to 4J 
inches the distance out to out of chord angles is made 10 feet 
I inch. This reduces the effective depth 1.8 inches for ac and 
0.76 inch for BD^ the effect of which, however, is covered by 
their excess in area. 

The stress in the end post aB being nearly equal to that in 
BD its section will be made the same. As there is no upper 
lateral system and hence no portal bracing the investigation 
referred to in ^ 48 need not be made in this case. 

The length of a diagonal measured between the intersections 
of center lines at the joints is 149 inches. The condition of the 
ends of the diagonal struts will be taken the same as for the 
upper chord. The web members will be of four angles, two be- 
ing placed on each side of the connecting plates, and so united 
at intervals as to act together. In this manner eccentric con- 
nections are avoided. 

The strut cD consists of four angles, 4 X 3 X tV inch, with 
a gross area of 11.48 square inches, a least radius of gyration 
of 1.58 inches, an allowable unit stress of 7120 pounds (^^ 56 
and 57), and a required area of 1 1.36 square inches. The longer 
dimension is adjacent to the connecting plates. As the strut 
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eF is subject to alternating stresses the allowable unit stress 
^must be reduced by means of the formula in ^ 59. The mem- 
ber is composed of four angles, 3 X 3 X iV inch, with a gross 
area of 7.12 square inches, a least radius of gyration of 1.26 
inches, an allowable unit stress of 5660 pounds, and a required 
area of 6.92 square inches. 

The tie Be requires a net area of 8.09 square inches (^ 52), 
and is formed of four angles, 4 X 3 X f inch, whose net area is 
8.40 square inches. The minimum stress in De is compression, 
whence its allowable unit stress is reduced from gocx) (^^f 52 and 
53) to 8380 pounds (T[ 59). The net area required is 467 square 
inches, and that furnished by four angles 3x3X1*^ inch is 5.88 
square inches. 

If the angles in Dd be taken 4 X 3 X -j^y inch, the maxi- 
mum pressure of the wind against the truss (^^48) produces a 
bending moment in Dd dX the top of the floor beam of 5250 
pound-feet and together with the dead and snow loads causes 
a stress in the outer fiber fully equal to the limit allowed 
{T^ 52). This size would be manifestly too light, as no margin 
would remain to stay the upper chord (T 46). If the angles be 
taken f inch thick they will be able to sustain, in addition to 
the maximum tension of 43630 pounds, a bending moment 
equal to that due to a force of about 450 pounds applied trans- 
versely at the center of gravity of the upper chord. A plate 
9 X f inch will be inserted between these angles to increase 
their transverse stiffness, and the angles must be crimped at the 
top of the floor beam in order to allow the splice plates and 
fillers on each side of the web to pass between them. Although 
the stress in Bb is not as great as that in Dd or Ff^ it will be 
made of the same strength, thus having increased power to 
stay the upper chord at the hip joint. 

The end diagonals of the lateral system have a maximum 
stress of 8070 pounds, either tension or compression. They are 
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attached to the lower flange of the floor beam and hence are 
divided into two equal parts, each 154 inches long. The ends 
are considered as pin ends. Using |-inch connecting plates, 
these diagonals will consist of two angles, 3i X 2j X A '"ch, 
with the longer legs horizontal and on opposite sides of the 
connecting plates, and have a least radius of gyration of 1.09 
inches, an allowable unit stress of 2350 pounds (Tf^ 56, 58 and 
59), a required area of 3.44 square inches and an actual area of 
3.56 square inches. The net area must be 1.29 square inches 
'{HH 52 and 59), which is less than half that provided. Angles 
of the same size are needed for the laterals between the floor 
beams d and d. Two angles 3 X 2 X tV >"ch would answer 
for the remaining laterals so far as strength is concerned, but 
since |-inch rivets will be employed and the angles are to be 
connected by both legs (T 54), two angles not less than 3 X 2^ 
X W inch must be used. As these angles differ so little in 
weight from the 3i X 2J X yV inch angles and their use re- 
■quires a change in the location of rivets in three sets of con- 
necting plates the same size will be employed throughout. 
The student should notice that any single angle or pair of 
angles with a least radius of gyration less than 0.80 would 
reduce the allowable unit stress to zero. As the strut between 
the shoes has to sustain a compression of only 3340 pounds, 
one angle 3 X 3 X f inch will transmit it. It will be stayed 
at intervals by the end joists, and in turn will hold them in 
position laterally by means of angle clips and bolts and may 
be riveted to the outer face of the end posts by means of bent 
plates as shown on the drawing. 

A series of experiments relating to the net section of a 
plate or shape having more than one line of rivets is described 
by B. B. Flint in the Transactions of the American Society 
•^of Civil Engineers, Vol. XXVII, pp. 406-411, Oct. 1892. 
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Art. 69. Joint Details. 

(See Paragraphs 50, 54, 60, 61-63, 65, 63, 69, 90, 97, 99, 100, of ihc 

Specificaiions in An. 65.) 

The web members should now be inserted on the side ele- 
vation of the truss, their center lines having been previously 
drawn. A plan of the lower chord and laterals may also be 
commenced as the sections of the members shown on it are 
now known. After this the student will find it convenient to 
proceed with the computations and drawing together. 

The strength of a |-inch shop rivet in single shear is 5410 
pounds, while its bearing strength is shown in the following 
table (1^1" 60, 61 and 99) : 

Thickness of plate A" I" tV i" i^e" T 

Bearing strength . . 4100 4920 5740' 6560 7380 8200 

As stated in a preceding Article a ^^-inch connecting plate 
is placed on each side of the web of the chord to which the 
web members of the truss are riveted. The sub-verticals re- 
quire 43 630 -r- 8200 = 6 rivets at their upper ends, while Be 
and cD need 80910 -=- 8200 = 10 rivets at each end. Z^^'and 
eF must have at least 39 1 50 -r- 8200 = 5 rivets, but as these 
members have alternating stresses this number will be increased 
to seven. 

At B the web of the upper chord is extended past that of 
the end post and united to the angles of the same. The entire 
stress in BD must be transferred from its upper angles and 
web to the connecting plates, as it is not presumed that the 
ends of the fillers and lower angles will abut against the con- 
necting plates. Divided in proportion to area, the upper 
angles carry 58 300 and the web 65 200 pounds. Six rivets in 
the angles can transmit 6 x 2 x 4920 = 58040 pounds to both 
web and plates and 6 x 8200 = 49 200 pounds to the plates 
alone. The difference requires two additional rivets in order 
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to be transferred back again from the web to the connecting 
plates. The stress in the web needs 65 200 -r- 5740 =12 rivets 
for its transmission. In the end post the stress to be received 
by the web from the connecting plates is 55 520 pounds, requir- 
ing 10 rivets, while the angles receive 62060 pounds and there- 
fore need 8 rivets. 

The sum of the horizontal components of the maximum 
stresses in cD and De is somewhat larger than the maximum 
chord increment 2X D. Its value is 77330 pounds, about two 
thirds of which should be transferred to the upper angles and 
the remainder to the web. Seven rivets in the former and 
five in the latter will answer the purpose. 

The web of the upper chord will be spliced at /% the con- 
necting plates of the joint also acting as splice plates. The 
stress to be thus transmitted (^^68) is 63650 pounds, which 
requires 12 rivets to unite each end of the web to the connect- 
ing plates. It is not practicable to conform in this case with 
the requirement of ^^97 on account of the double duty of the 
splice plates. 

At a the end post is extended to the bearing plate, the 
larger angles, web and connecting plates being finished to 
take bearing. The angles of the lower chord are extended 
until they meet the outer angles of the end post. Six rivets 
are required in the angles and the same number in the web to 
transmit the full chord stress into the connecting plates. As 
the last three rivets in the angles also bear on the web of the 
end post they can transmit three fourths of the angles* share 
of the stress, which amounts to 43470 pounds. 

At c it is proposed to splice the web of the chord by means 
of the connecting plates. The stress in the web of ^^is 174 510 
X 5.24 -7- 17.55 = 52080 pounds, and hence requires 10 rivets. 
If the adjacent section through the rivets in the horizontal 
legs of the angles were taken the stress would be 174 510 X 
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6.12 -T- 17.68 = 60380 pounds, requiring 11 rivets. The sum 
of the horizontal components of the maximum stresses in Be 
and cD equals the maximum chord increment at c, its value 
being 104 130 pounds. In order to distribute this increment 
properly the connecting plates must have nine of its rivets to 
pass through the angles and seven through the web of ce. On 
the side toward the middle of the truss the connecting plates 
must be extended so as to have only two rivet holes taken out 
of the web of ce at the first section, otherwise the net section 
of the chord would be reduced below the required limit. 

At e the maximum chord increment is very nearly one half 
of that at c and hence the corresponding numbers of rivets 
needed bear the same ratio to those at c. 

The cover plates are in all cases extended to the end of the 
connecting plates in order that they may receive their stresses 
as directly as possible. By extending the outer cover a Httle 
farther at e it will obviate the necessity of extending the con- 
necting plates at c. 

The angles of both chords will be spliced (^ 68) near the 
middle of the truss as shown on the drawing. One angle of 
the lower chord can take a tension of 3.53 X lOOOO = 35 300 
pounds, which requires 7 rivets in single shear. The same 
number of rivets is required in a splice of the upper-chord 
angle. If 5 X 3 inch splice angles are employed their thick- 
ness must be ^^ inch for the lower and J inch for the upper 
chord. 

As the section of the lower chord of the truss has been de- 
termined the connection of the floor beam to the truss and to 
the sidewalk bracket can now be designed. The drawing shows 
that the splice plates may have a width of 9J inches, allowing 
three horizontal rows of rivets. Nine rivets can conveniently 
be put in one end of the plates without interfering with the 
nearest joist (T 97). Below the splice plates fillers will be used 
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uiidet the connecting angles, and these should have one row of 
rivets outside of the angles. This arrangement gives seven 
rivets connecting the end angles and fillers to the web of the 
floor beam in addition to those through the splice plates. Only 
six of the nine rivets in the splice plates can be considered as 
helping to take the vertical shear, since each rivet has a bearing 
in the connecting angle of | inch or twice the thickness of the 
floor-beam web. This makes 13 rivets available for the ver- 
tical shear, provided the splice plates are also f inch thick. 

If the lower flange angles be finished to bear against the 
lower-chord angles of the truss the lever arms of the rivets in 
the splice plates will be 13.5, 17.0 and 20.5 inches. If 5 be the 
stress in one of the upper line of rivets, 20.5 inches from the 
center of. moments, the resistance of the nine rivets will be 
<see Art. 37) 



U«5 + ^70 + 20.5 ^ , . , 

3 X 5 X -^^-^—^rr = 428 000 pound-mches. 

The second member of this equation is the moment of the 
cantilever and its loading with reference to the same center of 
moments in the center line of truss. The value of S is found 
to be 3280 pounds. If the vertical shear due to the maximum 
loading in the roadway be regarded as uniformly distributed 
among the 13 available rivets each rivet must resist 28865 -^ 
13 = 2220 pounds. The maximum stress therefore in any 
rivet is the resultant of 3280 and 2220 pounds, which is 3960 
pounds. This is very nearly equal to the allowable pressure 
on a field rivet (Tf 62). This stress apph'es only to the upper 
line of rivets in the splice, the others being considerably less. 

On the outside of the truss the vertical shear is 10 820 
pounds, and as 7 rivets in the splice plates are available for 
shear the stress per rivet is 10 820 ~ (7 + 7) = 770 pounds. 
The maximum stress is therefore the resultant of 770 and 
3280 pounds, or 3370 pounds, which is 90 pounds in ex- 
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cess of the allowable pressure for a {-incK field rivet. This de- 
ficiency may be made up either by lengthening the splice 
plate on that side and adding a few more rivets, or by riveting 
the splice plates to the cantilever web in the shops so that 
two thirds of the rivets in these plates may take a higher unit 
stress. The latter plan will be adopted. 

The rivets uniting the angles of the sub-vertical which are 
on opposite sides of the web of the lower chord of the truss may 
now be located. Their object is to equalize the stresses in 
these angles and also to keep the lower flanges of the canti- 
lever and floor beam in contact with the chord. It is seen 
from the drawing that at the sub-verticals four rivet holes must 
be deducted from the web section of the lower chord. At 
these places the required net section is provided by the fillers 
under the chord angles being made continuous between the 
connecting plates at ^, c^ e^ etc. 

If the allowable unit stress in their rivets be reduced in the 
same manner as that in the laterals themselves (^Tf 59 and 6o)t 
four field rivets will be needed at each extremity of the diag- 
onals between a and b^ and three rivets for those between b and 
d. As the vertical legs of the angles are to be attached by 
means of clips (^ 54), no less than four rivets will be used in 
any diagonal. 

The laterals are united to the inner angles of the lower chord 
(T 5o)» ^^^ ^t 's evident that the necessary size of the connect- 
ing plates will cause them to receive more rivets than the small 
chord increments of the lateral system require. The eccen- 
tricity of this attachment is very small and needs no special 
provision made for it since the live load is supposed not to be 
on the bridge when the maximum wind pressure occurs (^48). 

The angles composing the web members which are on the 
same side of the connecting plates will be riveted together at 
intervals of one foot and those on opposite sides by rivets and 
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washers at intervals of two feet. At the ends the rivets are 
spaced somewhat closer. The angles will thus act together as 
a unit. 

The general pitch of the rivets in the chords and end posts 
uniting their angles to the webs and cover plates is not subject 
to theoretic determination, and will be made uniformly 4J 
inches except at the joints, where these rivets are governed by 
those in the web members and connecting plates and which 
were previously located (I^Tf 65 and 90). 

Art. 70. Shoes and Bed Plates. 

(See Paragraphs 41-44, 70, 71, 86 and 87 of the Specifications in Art. 65.) 

The reaction of the support is about 90000 pounds and for 
iron rollers 3 inches in diameter requires 68.2 linear inches of 
roller {^\^ 42, 86 and 87). If ordinarily good limestone be used 
the bed plate must have an area of 90000 -i- 250 = 360 square 
inches. For a unit stress in the outer fiber of 12000 pounds 
and a uniformly distributed load of 250 pounds per square inch 
the bed plate may project beyond the rollers a distance equal 
to four times the thickness of the plate. Under the same con- 
ditions for a {-inch bearing plate the rollers should not be longer 
than about 12 inches when the transverse strength of the y^^- 
inch angles is taken into account. Six rollers would then be 
needed and would rest on a base about 17^ inches long. The 
bed plate should therefore measure at least 16 by 22.5 inches, 
and be f inch in thickness (^ 70). To provide for the anchor 
bolts, etc., the plates are made 19 by 24 inches. 

The longitudinal motion to be provided for is 0.0OOO067 X 
80 X 12 X 150 = 0.965, or say i inch (T 41). Two anchor 
bolts I J inches in diameter will be used at each shoe (^T 70), 
and hence the slotted holes in the bearing plate at the roller 
end should be about if by 2^^ inches (T 43). 
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The tongue on the bed plate (T 44) may be a bar i J X iV 
inches fastened by f-inch countersunk rivets, the guide bars for 
the rollers 2^ X f inches, and the bolts to keep the guide bars 
in position } inch in diameter. As these details are of the 
same form as those used for the plate girder (see Plate III) 
they will not be shown here. It may be added that expansion 
rollers are preferably made of steel. 

Art. 71. Estimate of Weight. 

The weight of one half of the truss is now computed, and 
the results classified as follows : 

Pounds. 

Upper chord, with splice angle 2 285 

Lower chord, with splice angle 2812 

End post 729 

24 sub-verticals 886 

4 diagonals (407 + 470 + 294 + 294) ..... i 465 

Main members 8 177 

Connecting plates and fillers 643 

Bearing plate 1 1 1 

Washers 87 

Rivet heads (1059 pairs) 470 

Total weight of one half of the truss. . 9488 

One fourth of the lateral system 558 

Plates and rivets connecting cantilevers to 

floor beams 210 

Total 10 256 

Deducting the partial panel load at the support due to the 
above weights and which equals 916 pounds, and dividing the 
remainder by (J + i + i), the full panel load for the truss 
alone is found to be 4150 pounds, which is 150 pounds more 
than the value assumed in computing the stresses, the excess 
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being i\ per cent of the total dead panel load. This is within 
the limit specified in ^ 14. 

The computation of the stresses in the other truss and its 
design will be left as an exercise for the student, who may 
afterward determine whether there is sufficient diflference 
between the sections of the main members to justify their 
adoption in constructing the truss or whether it would be 
more economical to make both trusses alike, excepting the 
sub-verticals with their side braces {^^ 38 and 39), even though 
it require somewhat more material. 

The stresses in the lateral system were obtained by using 
the wind pressure specified in ^18. If the specifications in 
^^"15 and 16 are applied to the truss and floor system de- 
signed, the pressures at the floor beams 6, d and / are found 
to be 4720, 5520 and 5420 pounds respectively, the pressure on 
the vertical projection of the floor joists, etc., being 1020 
pounds and on the vertical projection of one of the iron hand 
railings 640 pounds. The railing next to the street-railway 
track is to be attached directly to the truss and requires no 
posts. The center of wind pressure on the entire structure is 
3.1 feet above the lower surface of the bearing plate. 

The truss requires no camber (T 45). 
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CHAPTER VIII. 

CLASS-ROOM DESIGNS. 

Art. 72. Plan of Work. 

The general plan of the arrangement of designing work for 
a class in a technical school will depend somewhat on the 
number of students. For a small class the instructor will be 
able to give close personal attention to each student, and 
accordingly the exercises assigned may be quite different. 
For a large class, however, this plan cannot be advantageously 
followed, since the labor required of the instructor in checking 
the computations and drawings would be very great. In the 
latter case it may be found advisable to assign work, of the 
same general character to all, the spans or depths being differ- 
ent, so that independent computations by each student are 
required for every part of the bridge. Thus the different com- 
putations when tabulated serve as a kind of check upon each 
other. It is true indeed that by this method an indifferent 
student may derive much assistance by inspecting the work of 
others, but the benefit thus derived is probably as great as if 
similar assistance were constantly given by the instructor in 
charge. A celebrated educator once said that a college 
student learned as much from his fellow students as from his 
teachers, and although this may be doubted as a general rule, 
it is nevertheless true that discussions among students are of 
the greatest value in leading them to clear perceptions of 
principles. 

The computations and estimates of designing ought to be 
made directly in ink in a special book assigned for that pur- 
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pose. Scribblings with a pencil on any scraps of paper that 
may happen to be at hand are not conducive to good work. 
The student should first record the main data and instructions, 
and then take up the various steps of the design in the desig- 
nated order, reading carefully the specifications and the instruc- 
tions of the text-book applicable to each step. The drawing 
should be begun as soon as possible, and thus the use and 
necessity of the computations will be better appreciated. 
Drawings and blue prints of similar structures will of course 
be at hand for consultation, and visits of inspection to actual 
bridges should be made. In the three following articles are 
:^iven an example of a design made in the class room. 

Art. 73. Data for a Pratt Truss Bridge. 

The following are the general data and instructions given 
to each of the students in civil engineering (24 in number) in 
the class of '93 at Lehigh University, as one of the exercises 
in bridge design. 

(i) The bridge shall have through intersection trusses of 
the Pratt type, with inclined end posts, and shall be of the pin- 
connected kind. All parts shall be of wrought iron or steel, 
except the cross ties for the track, which shall be of oak. 

(2) The following are the main dimensions of the bridge : 
Span, center to center of end pins = 107 feet 6 inches ; depth 
between centers of chords =7 21 feet 6 inches; width in clear 
between trusses =14 feet ; clear head room above base of 
rail, not less than 18 feet 6 inches; number of panels on lower 
chord = 6; angle between line of track and faces of abutment 
= 90 degrees. 

(3) For the purpose of computing the stresses in the 
trusses the total dead weight of the bridge in pounds per 
linear foot shall be found from 560 + 5.6/, in which / is the 
:span in feet, and one third of this shall be taken on the upper 
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chord. The track shall be assumed to weigh 400 pounds per 
linear foot. 

(4) The live load shall be a single consolidation locomotive 
and train as specified for class A on page 4 of C00PER*S Rail- 
road Bridge Specifications. 

(5) The wind pressure shall be that stated in COOPER'S 
Specifications, Art. 24, page 6. 

(6) The working stresses per square inch for all parts of 
the structure shall be those given in COOPER'S Specifications, 
and all the detailis shall be arranged in accordance with the 
requirements therein set forth. 

The span of 107 feet 6 inches above stated is the one cor- 
responding to the design given on Plate VI. This was the 
longest span assigned, the shortest being 95 feet, and the dif- 
ference between successive spans being usually 6 inches. In 
all the 24 designs the number of panels was six, and the depth 
of the truss between chord centers was one fifth of the span. 

Art. 74. Steps of the Design. 

In the case of the Pratt truss under consideration the fol- 
lowing steps or divisions were assigned to be followed in order 
by each student. Of course the student who uses this text- 
book will naturally follow the method of procedure in Chap. 
VI, which differs in some respects from the one here given. 

(a) Determine lengths of panels and diagonals; also sec 
and tan ^. 

(6) Find the panel dead loads per truss. 

(c) Compute web stresses due to dead load. 

{d) Compute chord stresses due to dead load. 

(e) Make a tabulation diagram for the live load (Part I, 
Art. 62). 

(/) Compute web stresses due to live load. 

(^) Compute chord stresses due to live load. 
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(A) Compute wind stresses for upper lateral system. 

(z) Compute wind stresses for lower lateral system. 

{j) Compute wind stresses for portal bracing. 

{k) Make a strain sheet, showing dead, live, and wind 
stresses. 

(/) Design sections of upper chords and posts. 

{m) Design sections for lower chords, main and counter 
ties. 

(;/) Design sections for upper laterar struts and rods, and 
for lower lateral rods. 

{o) Design of portal strut and bracket, and of panel 
brackets. 

(/) Design the arrangement of joints, and of reinforcing 
plates. 

{q) Find sizes of pins and eyebar heads. 

(r) Design the plate hangers for floor beams. 

(j) Design the floor beams. 

(/) Design the floor stringers. 

{u) Design connections of lateral bracing with chords or 
floor beams. 

(v) Design the bed plates and rollers. 

(w) Estimate the weight of material. 

{x) Compare the assumed and computed weights. 

(7) Estimate the cost of the bridge. 

The above divisions of the subject were followed in order, 
the computations necessary in each being made in ink on the 
left-hand page of the record book, while the sketches and 
results were given on the right-hand page. In all about 50 
pages of letter size were needed. After {q) was completed the 
drawing was begun, the outline panel being on a scale of ^ inch 
to I looty and the details on a scale of i inch to i foot. Plate 
VI shows the drawing made by F. C. Warman, which was 
selected as best adapted for photographic reduction. 
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Art. 75. ESTIMATE of Weight and Cost. 

After the completion of the drawing an estimate of the 
weight of the bridge was made, the form adopted being the 
iollowing : 

For the inclined end posts : 

Pounds. 

4 cover plates, ^" X 18" X 28' 7" 2 147 

8 channels, 24 lbs., 28' 7'' 5 491 

8 cross plates, |" X 1 5" X 18" 226 

144 lattice bars, |" X 2|" X 20" 677 

16 reinforcing plates, II" X 9" X i' 7i".. 538 

16 reinforcing plates, -J^" X 9" X i' 7"... 524 

8 pin plates, f"X 9" X i' 10" 166 

Total for 4 inclined end posts 9 769 

In this manner the weights of the several parts of the bridge 
ivere estimated, the final results being as follows : 

Upper chords 12 308 pounds. 

Lower chords 8 432 

Inclined end posts 9 769 

Vertical posts 4 169 

Web ties 9 079 

Floor-beam hangers 2 594 

Floor beams 10 302 

Floor stringers 20 225 

Lower lateral bracing 2 788 

Upper lateral bracing 3 455 

Knee and portal bracing 2 081 

Pins 2 274 

Rollers 636 

Bed plates and standards 3 566 

Excess for rivet heads 2 520 

Total weight of iron 94 198 pounds. 

Less bed plates and rollers . . 4 202 

Weightof iron above rollers. 89996 pounds. 
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Iron dead load 837.1 pounds per linear foot. 

Specified weight of track. . 400.0 



Computed dead load 1237. i pounds per linear foot. 

Assumed dead load 1 162.0 

Computed exceeds assumed weight, 6.5 per cent 

The above method of estimating weights is an advantageous 
one for students, since each piece is taken up in order and the 
chance of omissions thus lessened. If time allows, an order 
sheet may also be made out, in which things of the same kind 
would be grouped together, but as this is merely clerical work 
it is not particularly instructive. 

With regard to cost, class estimates are necessarily defective^ 
and the important idea is to secure uniformity and to use 
prices sufficiently high to allow a fair profit. The item of 
erection will be especially uncertain, and the plan here adopted 
is to estimate it at 0.5 cent per pound. The following is the 
estimate made for the Pratt truss bridge of 107.5 feet span 
whose design has been here described and the general plan of 
which is given on Plate VI. At present prices the cost of iron 
might be taken a little lower. 

Iron, 94 200 pounds @ 2j cents $2590.50 

Manufacture, @ J cent 706.50 

Erection, @ i cent 471.00 



Estimated cost of bridge, 107.5 ^^^^ span, $3768.00 

and hence the estimated cost per linear foot, exclusive of track, 
is $35.05. 

The detail drawings for a bridge of this kind, as prepared 
in the office of a bridge company, would embrace four or five 
sheets in addition to the general plan shown on Plate VL 
The time devoted to the subject in technical schools is not 
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sufficient for these to be drawn, and indeed it is scarcely nec- 
essary that they should be undertaken by a student in a course 
whose object is to teach principles rather than a special trade. 
It may safely be affirmed that a student who carefully makes 
the computations and general plans of three or four different 
kinds of bridge structures has acquired a training in the appli- 
cation of principles which will fit him to enter a bridge office 
and do good work. Yet it should be said here to the student 
that what he has learned in the school is but a trifle when com- 
pared to that which he will have to learn in order to become a 
competent bridge engineer. 

Art. 76. Comparison of Class Designs. 

When the above plan of class work is followed all the 
computations of stresses, and many others, may be checked by 
tabulating the results and comparing the differences for suc- 
cessive spans. Owing to differences of judgment and to inex- 
perience, however, the final weights will not vary according to 
definite laws as would perhaps be the case if the same designs 
were made by an experienced man. Yet upon comparison of 
such results it is often found that the percentages of variation 
are within fair limits. For example, in the twenty-four designs 
of the Pratt truss described in the preceding Articles the mean 
excess of computed over assumed weight was about 5 per cent, 
seventeen being less and seven greater than this, and the 
greatest excess being 14 per cent. Four men made the computed 
v/eight less than the assumed, the lightest being 5 per cent 
lower. Neither the computed weights nor the per cents of 
excess show any signs of systematic variation with the length 
of span when considered in order one by one, but when 
arranged in groups traces of such are discerned in the means. 
For example, five of the shorter spans compared with five of 
the longer ones give the following results : 
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span in 
Feet. 


Pounds per Linear Foot. 
Assumed. Computed. 


• 
Percent of 
Excess. 


95 


I 092.0 I 178.6 


8.1 


95.5 


I 094.8 I 040.0 


-5.0 


96 


I 097.6 I 204.0 


9-7 


96.5 


I 100.4 I I55-0 


5.0 


97 


I 103.2 I 193.5 


8.2 


Means 


1097.6 I 154.2 


5.2 


104 


I 142.4 I 202.5 


5.2 


104.5 


I 145.2 I 305.3 


14.0 


105 


I 148.0 I 218.0 


6.1 


105.5 


I 150.8 I 1 10.5 


-3-S 


106 


I 153.6 I 197.4 


3.8 



Means i 148.0 i 206.7 5.1 

Here the mean computed weights of the two groups show a 
•difference of 52.5, while that of the assumed weights is 50.4, 
the percent of increase being closely equal for the two. This 
agreement is a closer one than can generally be expected in 
designs made under such circumstances. 

In conclusion it should be noted that the training of a 
student will be more effective the more he learns to think for 
himself. Constant application to the instructor in charge to 
settle doubtful questions may be the quickest way to advance 
the work of design, but it is rarely the best way for the good 
of the student himself. The judicious instructor will usually 
answer such questions by asking others which lead the student 
to see the principles involved and thus enable him to make his 
own solution. It is indeed often better for a student if he 
happens to follow a wrong method which requires two or three 
pages of his computation book to be rewritten than if he were 
kept constantly on the right track by the admonitions of the 
instructor. The student who makes and discovers mistakes 
learns to avoid them, while he who works correctly under con- 
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stant supervision is liable to fall into error when thrown upoi> 
^his own resources. 

' The number of designs to be made by each student in the 
class room should not be less than two. The class whose work 
has been mentioned above made three designs, a plate-girder 
bridge, a riveted lattice bridge or a roof truss, and a pin bridge, 
the total time employed being about 85 exercises of two hours 
each. Some students also made more extended designs for 
theses. 

 

Art. ^^. Exercises and Problems. 

The following exercises and problems, which are arranged 
with particular reference to the subject matter of this volume, 
indicate how a great variety of problems may be devised for 
class use. But others far more advantageous to students may 
be stated in connection with actual bridge structures wliich are 
convenient for them to measure and sketch. The numbers 
prefixed to the exercises refer to the corresponding Chapters. 

I. Make a list of the articles on the history and design of 
bridges which have appeared in Transactions of the American 
Society of Civil Engineers since 1880, with a synopsis of the 
contents of each article. 

ir. Make a theoretic comparison of a single-system Warren 
truss with a Baltimore truss, each having ten panels, and de- 
termine the theoretic economic depth in each case. 

III. Make out bills of material for two railroad-bridge 
floors in your neighborhood, compute their weights, and com- 
pare them with the Pennsylvania Railroad standard given in 
Art. 19. 

IV. Design a roof truss of 65 feet span and 16^ feet rise,, 
using the specifications and methods of this Chapter. 

V. Revise the design of the plate girder in Chapter V, 
using a ^^i^-inch web, with web sheets 5 feet longer than before, 
the specifications being modified so as to allow the web also to 
take moment. 
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VI. Design a pin bridge of the same type and character of 
details as that in Chapter VI, the depth being changed to 28.5 
feet and the number of panels increased to seven. 

VII. Design a riveted lattice bridge of 90 feet span, using 
the specifications of the Norfolk and Western Railroad given 
in Chapter XIII. 

VIII. Design four bridges of the Pratt type having spans 
of 108, 112, 116 and 120 feet, following in each case the in- 
structions and specifications of this Chapter. 

IX. Visit the works of a bridge company and write a report 
of about 1000 words, with sketches, describing the different 
shops and buildings. 

X. Compile from technical papers a list of bridge lettings 
during the year 1890 and another for 1895, giving for each 
case the kind of structure, names of bidders, amounts of bids, 
and the final cost per linear foot for the superstructure. 

XI. Visit the works of a bridge company and write a report 
of about 1000 words describing the machinery and the work in 
progress at the time of the visit. 

XII. Design a ballast-floor bridge of 60 feet span under 
the specifications and methods of this Chapter, but using tra- 
pezoidal troughs instead of rectangular ones. 

XIIL Design two skew bridges of the style and dimensions 
given in Art. 107, one having riveted and the other pin trusses, 

XIV. Design, under the specifications of this Chapter, two 
pony truss bridges for a single track, the spans being 96 feet 
and 108 feet. 

XV. Design two through Pratt bridges, the dimensions 
and specifications being the same as in this Chapter, except 
that the heights of trusses are 24 and 28 instead of 26 feet. 

XVI. Design a through Baltimore truss bridge, using the 
specifications and dimensions of this Chapter, but taking the 
height of the truss as 32 feet 2\ inches. 
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CHAPTER IX. 
BRIDGE LETTINGS, AND OFFICE WORK,* 

Art. 78. Specifications, 

When a bridge is to be erected the engineer representing 
the party having the matter in charge should prepare rules 
regarding the loads to be tised in the computations, the per- 
missible unit stresses, the quality of the materials, and the 
details of construction. These rules are called specifications, 
or often " the specification." All the plans submitted are to be 
in accordance with these specifications, which are afterwards 
made a part of the contract between the buyer and the con- 
tractor. 

Specifications cannot be successfully prepared except by 
an engineer of experience. Many railroad companies Kave 
their standard specifications, while others adopt those of 
Cooper. In highway-bridge work it sometimes happens that 
county commissioners or town authorities advertise for pro- 
posals without liaving definite specifications, but the result is 
sure to be that a poor bridge will Be erected. Any one can 
buy a bridge, but only an engineer can do so and obtain both 
a stable and an economical structure. The highway-bridge 
specifications of CooPER and those of Waddell are excellent 
guides to follow, and they can easily be obtained in pamphlet 
form. Parts of Cooper's railroad-bridge specifications are 
given in Chap. VI, and parts of Waddell's highway-bridge 



* A large part of this chapter was prepared by Ralph M. Wilcox, Instruc 
tor in Civil Engineering in Lehigh University. 
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specifications in Chap. VII, while in later chapters will be 
found in full those of several railroad companies. 

The following extract from a lecture by THEODORE 
Cooper at the Rensselaer Polytechnic Institute, in 1893 states 
in an excellent manner the fundamental purpose of specifica- 
tions : 

** Engineering specifications are the detailed particulars 
supplementing and explaining the plans of any piece of work, 
and governing the character of the materials and the methods 
of construction to be used for the same. Or where unaccom- 
panied by plans, are the rules and directions under which any 
work is to be designed and executed. 

** Their purpose is a twofold one. First : They are to enable 
bidders upon any work to understand fully the character and 
extent of the work and what they are expected to furnish and 
what to do, in order that they may be able to make suitable 
estimates upon which to formulate an intelligent and proper 
bid. Second : They are, in connection with the plans, to serve 
as the reference in regard to all questions as to qualities of the 
materials and workmanship during the execution of the work, 
in order to avoid misunderstandings between the engineers and 
contractors ; the contractor not being allowed to furnish poorer 
or less suitable materials and workmanship than is there speci- 
fied, nor the engineer to demand any better without giving 
an extra compensation. Nothing serves better to obtain the 
best class of contractors and to obviate much of the friction 
which occurs during construction between the engineer and 
the contractor than a good specification, carefully and clearly 
expressed. A loosely-drawn and incomplete specification is 
always attractive to the worst class of contractors, or those 
who do not intend to do an honest job and who will take ad- 
vantage of every weak point to get all they can out of the 
work." 

The following advice from the same lecture should be care* 
fully heeded by young engineers who are called upon to pre- 
pare specifications : 
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"As the preparation of an original specification requires a 
large fund of practical experience and observation, it is better 
that your early efforts in this line be based upon well-known 
existing specifications, modified to suit your special needs. 
Before doing this, carefully study the specification, which you 
may select as your model, that you may have a clear under- 
standing of the intent and meaning of its several clauses, and 
of the theory upon which it is based. 

" Be careful to consider the specification as a whole, and 
not solely as a collection of disjointed. clauses, part of which 
you may select at random, and part reject. Frequently the 
various clauses are so correlated that taken separately the in- 
tention of the specification is lost. By comparison of different 
specifications of well-recognized merit, you will frequently find 
that while each may produce equally good results, they ac- 
complish this purpose by different methods or on different 
theories. By endeavoring to compile a common specification 
from these several specifications without proper judgment, as 
is not unfrequently done, a worthless and often absurd result 
is produced. 

** In compiling a specification by the use of old and clearly- 
defined clauses, do not, without good reason, attempt to 
change their wording. You may reduce the force of such 
clauses by permitting a new interpretation, and lose the 
strength of an accepted interpretation by other engineers and 
contractors. 

** A specification is not intended to be a treatise on the re- 
finements of engineering theory, but a practical set of rules 
and conditions upon which work is to be let and constructed. 
A specification should therefore be reasonably brief and posi- 
tive. 

Art. 79. Estimates and Proposals. 

After the preparation of the specifications, proposals or 
bids are invited from bridge companies for the manufacture 
and erection of the structure. In general bridge companies 
contract for and build only the superstructure, while the piers 
and abutments are erected by masonry contractors. 
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The usual mode of procedure is to publish an advertise- 
ment which gives the location, length, number of spans and 
width of the bridge, stating whether highway or railway, and 
whether timber, stone or metal is to be employed. The ad- 
vertisement mentions where specifications can be seen and 
information obtained, and names the day and hour when the 
proposals will be opened. It often states that a certified 
check for a certain amount must be deposited by each bidder as 
a guarantee that he will enter into a contract in case the work 
is awarded to him. Bidders are invited to be present at the 
opening of the proposals, and the right is reserved to reject 
any or all bids. It should also be required that each bidder 
shall present a strain sheet and a general plan of the structure 
that he purposes to erect. 

A bridge company which desires to put in a bid for build- 
ing the bridge sends one of its agents to the place to procure 
all the data available. Sometimes the engineer in charge of 
the work has plans prepared on which the companies estimate 
and bid, but usually each company prefers to make and sub- 
mit its own plans. The agent examines closely the locality 
and estimates the cost of hauling the material from the nearest 
railroad station, as also the cost of erection. The latter item is 
often an uncertain one, since delays due to the weather or to 
floods in streams are liable to arise, and sometimes accidents 
occur which cause the loss of all profits. It should also be the 
duty of the agent to become acquainted with the parties who 
purpose to build the bridge, so that in case of a close competi- 
tion he may be better prepared to induce them to accept the 
proposal of the company which he represents. 

The computations and designs made by a bidder in order to 
estimate the cost of a structure are similar to those given in the 
preceding and following chapters. The style and proportions 
of the bridge being decided upon the stresses are computed by 
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the methods of Part I or Part II, and a strain sheet is pre- 
pared showing these stresses and the sections of the main mem- 
bers. A general drawing is also made showing elevation, plan 
and cross section, with the main features of all details. From 
this drawing a bill of material is made out, and estimates of 
the weight and cost of manufacture are prepared. Adding to 
this the estimated cost of freight and erection, and a fair per- 
centage for interest on invested capital, profit and contingen- 
cies, the bidder decides upon a sum to state in his proposal. 

4 

The usual practice in highway-bridge lettings is for each 
bidder to offer a lump sum for the erection of the superstruc- 
ture ready for traffic and painted. On railroads it is often the 
case that the cross ties, rails and guard timbers are laid by the 
railroad company, so that the lump sum is exclusive of the 
track. On some railroads, however, the proposals are required 
to be made per pound of the finished structure ready for the 
track, and in such cases the actual sections of the members are 
not allowed to exceed by more than 2 or 2j per cent the theo- 
retic sections as required by the stresses and specifications. 

Art. 8o. Lettings and Contracts. 

At the hour stated in the advertisement the proposals are 
opened and read in the presence of the bidders. The accom- 
panying plans are referred to the engineer in charge to see if 
they conform to the specifications. It is, however, usually only 
necessary for him to check the computations of two or three of 
the lowest bidders if their plans seem otherwise acceptable. 
On the receipt of the report of the engineer the commissioners 
or authorities in charge make a formal award of the work to 
the lowest responsible bidder whose plans are satisfactory, and 
he is notified to appear and sign the contract, while the plans 
and certified checks of the other bidders are returned to them. 

It often happens at a bridge letting that the highest bid is 
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about double the lowest. This wide discrepancy is probably 
due more to the fact that certain companies have better facili- 
ties regarding freight and erection than to the relative econ- 
omy of the several types of trusses. The number of proposals 
submitted for a structure usually ranges from five to twenty. 

This method of bridge lettings, iri which each bidder offers 
his own designs, has many advantages, but it has the disadvan- 
tage that only one out of a number of plans is utilized. If 
twelve bidders each spend $100 in making estimates and de- 
signs for a single bridge there has been expended altogether 
$1200 which in some way must be paid by the buyers of 
bridges. It is not an infrequent practice, indeed, that the 
twelve bidders form a pool, each adding $1200 to his bid, and 
then the successful bidder pays $100 to each of the eleven un- 
successful ones. This is a necessary evil of the method, per- 
haps, but the evil is not as great as often assumed, since the 
expenses of the bridge companies must be paid in some other 
way if not in this. The expenses of estimating would be less- 
ened if the bidders were limited to plans and designs made by 
the engineer in charge, but in such cases it usually happens, 
owing to details of construction, that their bids are higher than 
for their own designs. Open competition has been one of the 
elements which have led to the present economic forms of 
bridge trusses (Chap. II), and, notwithstanding the necessary 
evils of pools, its results continue in general to be satisfactory. 

The contract which is entered into between the parties and 
signed by both specifies that the bridge company shall erect 
the structure according to the plans and specifications and that 
the other party shall pay to said company a certain amount for 
the same. It also sets forth in detail the conditions regarding 
time of completion and payment, the liabilities of the contrac- 
tor for damages due to accidents, penalties for delay of com- 
pletion, and other conditions mutually agreed upon. When 
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this document is signed both parties are legally bound by its 
provisions and the bridge company is ready to begin the detail 
drawings for the shop work. 

A bond is also required to be given by the contractors, 
signed by them and two responsible bondsmen, binding the 
contractors under a penalty to execute the contract in pursu- 
ance of its terms and conditions, and in accordance with the 
plans and specifications thereunto annexed. This bond is in 
law of the nature of a promissory note, and in case of default of 
the contractors an action at law can be brought to recover the 
sum stated therein, or such part of it as may be sufficient 
indemnification for the damages sustained. 

There are many engineers who own no bridge works, yet 
nevertheless bid for and take contracts to erect structures. 
Such men have arrangements with bridge builders to manufac- 
ture their bridges at certain prices per pound, or they make 
special bargains for the contracts that they secure. Many of 
these engineers do good work and make a fair profit. Chap- 
ter XIX illustrates a bridge erected under this method. 

Art. 8 1. Drafting-office Practice. 

After the contract has been secured, working drawings have 
to be prepared for the benefit of the templet makers, shop- 
men, and the workmen in general who have anything to do 
with the construction of the bridge. These drawings are made 
in the drafting room, which is, or should be, well heated, well 
lighted, and well ventilated. In the drafting rooms of some of 
our larger* bridge-building companies there are as many as 
twenty-five or thirty men, all under the immediate charge 
of a superintendent or head draftsman, who is thoroughly 
posted on all kinds of detail work and shop methods. Each 
man is supposed to be supplied with a complete outfit oi 
drawing tools, and to have a desk to himself, with drawers ior 
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paper, tracing linen, and tools. The old style of drawing desk 
is flat on top and from three feet six inches to four feet in 
height, with a regular drawing board on top. The more mod- 
ern desks are not quite so high, and the top is so arranged that 
it can be tipped up toward the draftsman, making it easier 
to see and get at all parts of the drawing, and at the same 
time doing away with the fault of lying down on the tablt; in 
order to get at the parts near the top of the drawing. The 
•drawing board in this latter case is the top of the desk. 

A large supply of drawing materials is necessarily kept on 
hand by the company. Adjoining the drafting room is a fire- 
proof vault in which are kept all plans and drawings of struct- 
ures that have beenHDuilt by the company. These are of gfeat 
value to the company and also to every draftsman. The 
vault is the draftsman's library. In consulting it he may find 
many unique and useful designs, especially in detail connec- 
tions, which will help him out of difficulties. 

All drawings, before they leave the drafting room, pass 
through the hands of a man who looks over them very care- 
fully and checks the work in every particular. If any mistakes 
are found they are duly marked, in which case they are re- 
turned to the draftsman and he makes the necessary correc- 
tions. As the shopmen have to adhere strictly to the drawings 
in their work, the preparation of working drawings necessarily 
requires great accuracy and clearness, in order that there shall 
be no delay or failure in the parts of the bridge being put 
together. 

As a general thing in bridge works the draftsmen who 
make the working drawings have nothing to do with the com- 
putation of stresses in the members. That work is done by 
the computers, who make the designs of structures and the 
estimates of cost. These are men of experience and conse- 
quently less liable to err. 
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The data which the draftsman receives from the computers 
consist then of the skeleton diagram of the structure to be 
drawn, the stresses in the members, and perhaps the sections 
to be used, and a copy of the specifications. 

The first thing the draftsman does is to find out what ma- 
terial is required and how much of it. If the structure is of 
considerable size, this is best done by laying out the work in a 
general way on thick brown paper prepared for this purpose, 
not stopping to put in the details, but going far enough to 
enable him to determine quite closely what are the lengths 
and sizes of the angles and plates which are required. 

After having ascertained what material is required the 
draftsman consults the list of material in stock, and if he finds 
any in his bill that is not in stock he makes out an order list, 
from which the material is ordered immediately, for it must be 
on hand as soon as the drawings are finished. 

The drawings already laid out in a general way are now 
completed by placing tracing linen over them and tracing the 
work from the paper and filling out the details on the tracing 
linen. The size of the completed drawing is about twenty-six 
by forty inches, with a single heavy border line drawn around 
the sheet one half inch from the edge. The scale used 
is about one and one-quarter or one and one half inches to the 
foot. If there is very little detail work to be shown, one inch 
to the foot is often used. 

The work is so arranged on the drawing as to leave a space 
in the lower right-hand corner for the title. This should give 
a full description of the drawing, including the number of the 
contract, the location of the bridge, the number of the sheet, 
the name of the draftsman, and the date. 

The tracing is done on the back or unglazed side of the 
linen. This side shows pencil lines much better than the 
glazed side, and it will take ink lines just as well. 
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If it is necessary to do any erasing on the tracing linen a rub- 
ber ink eraser is used carefully and patiently. The erased area 
is then rubbed with a stick of pumice stone before inking again^ 
to prevent the ink from spreading. The point of a knife or 
other sharp tool should not be used to erase lines or spots 
from tracing linen which have to be inked over again. If the 
surface of the tracing linen becomes greasy so that the ink will 
not take well, a little powdered chalk, sprinkled on and rubbed 
carefully with a cloth, absorbs the grease and gives a better 
working surface. 

No fixed rules can be given as to just how the drawings for 
a bridge shall be arranged, as different companies have differ-^ 
ent rules, and no two men will arrange their work alike or 
make the drawings for the same bridge in the same way ; but 
the draftsman should bear in mind constantly that the object 
of a working drawing is to show the workmen how to make the 
parts of the bridge and how to put them together. With this in 
mind he should have some system about the arrangement of the 
work on the sheets ; for example, compression members such 
as chords or posts should be drawn in one group, eyebars, ties 
and counter ties in another, floor beams and stringers in 
another, and so on. 

The drawing of each piece should be made so plain and 
complete that the workman may clearly and easily understand 
it. The dimensions of all pieces, rivet spacing and pitch of 
rivets should be given in iull on the drawings. All printing 
should be plain and well done, though time should not be 
wasted in this work. All figures should be large enough to 
take and show well in the blue print. If the space on the 
drawings between the rivet heads will not permit of good-sized 
figures being placed in them, then lines should be projected 
off to one side of the member and the figures placed between 
them. Arrow points should be placed at the points between 
which the distance is given. Quite heavy lines should be used 
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SO as to give a good clear blue print. Fine lines should be 
avoided except for dimensions. 

After the drawings have been completed in every detail a 
bill of material is prepared. This is made in such a way as to 
serve as a shipping list also. It contains a list of every indi- 
vidual piece entering into the structure. These are arranged 
in groups in the list just as the pieces are assembled to make 
up a member. 

All pieces which require forging, such as eyebars, ties and 
counters, are listed also on a sheet known as the forge sheet. 
Full dimensions and details, and perhaps sketches, are required 
on this sheet, which then goes to the forge shop. A list of all 
field rivets and bolts is also made which gives their size, 
length, grip, and their location in the bridge (see Art. 121). 

After this listing has been done both drawings and lists go 
back to the computing room, where every item, line and figure 
is carefully checked. If no errors are found, which is rarely 
the case, the draftsman may consider his work completed. The 
number of sheets of drawings required for a span of moderate 
length varies from five to fifteen. In Art. 103 will be found a 
list of the sheets made for a lattice bridge of 81 feet span. 
Blue prints are next taken frohi the tracings, and the work is 
ready for the shop (Chap. XI), 
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CHAPTER X. 

BRIDGE SHOPS AND BUILDINGS.* 

Art. 82. General Considerations. 

A SHOP is a room or building devoted to work. It generally 
contains tools and machinery which are run by power, either 
steam, compressed air or electricity. All the buildings of a 
bridge-building establishment, together with the tracks, cranes 
and other appurtenances, constitute the plant. This plant may 
include many shops connected by tracks, or the whole plant 
may be under one cover, according to the kind and amount of 
business done by the company. Usually each building is a 
distinct shop in itself, with its foreman in charge, the whole 
plant being under the control of a general superintendent. 

This chapter treats of the practical design and arrangement 
of buildings for carrying on most advantageously the construc- 
tion of wrought-iron and steel bridges and other structural 
work. In the design and construction of manufactul'ing plants 
the three great objects to be kept in view are : ist. The mini- 
mum cost of manufacture of product ; 2d. The minimum cost 
of maintenance and repairs ; 3d. The lowest first cost of building. 

Many manufacturing corporations in starting their plant 
reverse the order, and reduce the first cost of building to the 
absolute minimum, neglecting the economy in manufacturing, 
and in the maintenance of their plant. This method of pro- 
cedure is sometimes desirable in the manufacture of a class 

♦Written by Charles M. Jarvis, M. Am. Soc. C. E., President of the 
Berlin Iron Bridge Company. 



274 BRIDGE SHOPS AND BUILDINGS. CHAP. X. 

of j^joods where the profits are large and the working capital 
Tat the outset of the enterprise limited, as in time they can re- 
place their cheap wooden buildings and uneconomical methods 
of manufacture by more modern appliances; the expense of 
.these changes to be borne by the profits in the business. 
Even in this case if account is taken of the reduced cost of 
^maintenance together with the reduced cost of production of 
the manufactured product, the saving would pay a large interest 
on the original cost of the best cl^ss of construction. 

The present tendency of bridge companies is decidedly in 
the direction of large, well-lighted and well-heated, roomy 
buildings, constructed of iron or steel. Employees appreciate 
a shop of this character and will turn out enough more product 
to pay the increased cost of the investment. 

The old dingy machine shop with its low wooden roof, its 
small dirty windows, its impure air through lack of ventilation, 
is being gradually abandoned for the handsome modern con- 

■struction which insures both light and ventilation to the work- 
men, and at the same time reduces the insurance risk and the 

•cost of maintenance to the absolute minimum. 

The plant of a bridge company is divided as follows: the 
Forge Shop, the Machine Shop, the Pattern or Templet Shop, 
the Truss Shop, and often a Foundry. Anotlier shop is some- 
times added, known either as the Railing or Shutter Shop. In 
this the machinery is light and adapted to small work, such as 

' bridge railings for sidewalks, corrugated-iron doors, shutters 

' and fire escapes. 

Art. 83. The Forge Shop. 

The Forge Shop is generally divided into three depart- 
ments : the Rivet-making Shop, the Shop for Small Forgings, 
and the Eyebar Plant. 

In the Rivet-making Shop are placed the furnaces for heat- 
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ing bridge rivets and the machinery for heading them. This 
machinery consists of one, two or three ordinary heading ma- 
chines, a sorting board (for assorting the rivets and bolts) and a 
scale for weighing the finished product. The bar iron from 
which the rivets are made is stored near by, and the finished 
product is carried out on a car having a box top, so arranged 
as to receive boxes holding a given weight of rivets. 

The tools in the Shop for Small Forgings consist of a 

^mall steam hammer, perhaps a drop hammer, and sometimes 

a power spring hammer. With the small steam hammer the 

ordinary class of forgings are made. This can be done with 

great advantage if the hammer is equipped with proper dies 

-and provided with a small crane or overhead traveler for 

handling the work. Care should be taken in designing these 

latter, in order to make them heavy enough to withstand the 

strain from a foul blow from the hammer as well as the weight 

of the forging to be carried. The small spring hammer is used 

for forging punches, drift pins, small bolts, — in fact the small 

spring hammer is used almost entirely for the manufacture of 

the tools required in carrying on the business, — its uses are 

innumerable, and only limited by the number of dies. 

In this portion of the plant is located the upsetting machine 
for enlarging the ends of round and square bars. A perfect 
plant is equipped with two upsetting machines — one for small 
work, up to a size of 2^" round and square iron, and a larger 
upsetter capable of upsetting the largest sizes of eyebars. 

The Eyebar Plant usually consists of an upsetter for en- 
larging the heads, the steam hammer for shaping the heads in 
properly prepared dies, and the necessary furnaces for heating 
the material. Where steel eyebars are made an annealing 
•furnace is also required. 

In the construction of a forge shop great care must be 
Xaken in ventilating the building, for here more than in any 
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Other part of the works are foul gases, smoke, cinders, and all 
the refuse products of combustion combined in the greatest 
degree. For smoke and gas ventilation may be secured 
through the ridge of the building, but in order that the smoke, 
gases and foul air may pass out of a ventilator on the ridge of 
the building it is necessary that fresh air have some means of 
entering the building near the floor line. A forge shop should 
never be designed with a flat roof, — the greater the pitch of 
the roof the more easily can the interior of the building be 
ventilated, and ventilation is one of the most important ele- 
ments to be secured in a forge shop. The best designs for 
this class of buildings have the sides arranged with large win- 
dows which are set in frames and hung with weights, so as to 
be easily raised and lowered, thus admitting fresh air from all 
sides. In the summer months the heat is intense, but by the 
adoption of proper appliances the comfort of the workmen may 
be very materially increased, as well as the amount of product 
which they are able to turn out in a given length of time. 

Art. 84. The Machine Shop. 

The machine shop of a bridge building plant is used for 
the construction of the parts of bridges requiring machine 
work, and for the building and repair of the heavy machinery 
to carry on the business. Every bridge-building plant should 
be equipped with a machine shop capable of making its own 
repairs, and as the machinery about a plant of this kind is 
large and heavy, the appliances of the machine shop must be 
adapted to this work. The machinery consists of lathes, from 
12- to 60-inch planers and shapers, and also a large drill press— 
what is known as a radial drill being preferred, the head so 
arranged that it moves in and out on a radial arm, thus adapt- 
ing it for nearly all kinds of work. A large number of smaller 
lathes with strong frames are required, as the pins which con- 
nect all pin-connected bridges at the panel points are turned in 
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tliis department. Here also the expansion rolls are turned. 
In fact all the finer and smaller parts of the bridge are finished 
in the. machine shop. If the company operating the plant is 
largely employed in the construction of iron buildings, their 
machine shop should be equipped for building traveling cranes 
of the smaller sizes, as well as all jib cranes. It is almost im- 
possible to anticipate the demands which will be made upon a 
bridge machine shop, as the repairs are often of a nature to se- 
verely tax the ingenuity of even the best mechanic and the ap- 
pliances of the best equipped shops. All the larger tools should 
be provided with overhead travelers arranged to move heavy 
castings to and around the machines. The building should be 
thoroughly lighted in all its parts, and the proper way to se- 
cure this light is by means of skylights in the roof. Great care 
must be taken in the construction of these skylights to prevent 
leaking around the sides and top, but there is no method of 
lighting the interior of a building so thoroughly and uniformly 
with well-dififused light as with skylights placed in the plane of 
the roof. Ventilation in a machine shop is secondary to light, 
and can be easily secured in the ordinary manner. 

Art. 8-. The Pattern and Templet Shop. 

In the Pattern and Templet Shop the bridge is first laid 
out in wood. All the machinery is designed for wood workings 
and consists of buzz saws, both for ripping and for crosscutting 
lumber, planers for smoothing the faces and edges, and the 
ordinary jack-borers for drilling the holes in the wooden tem- 
plets. The floor of the templet shop should be made of the 
best soft pine, well laid, with close joints, the surface being 
planed smooth and even after it is laid. It is on this floor that 
the greater part of the work is laid out. In some shops it is 
customary to locate on the working drawings all rivet spacing, 
all holes, all angles and bevels. In other shops it is customary 
to show these details in a general way (the centers being care- 
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fully indicated) and the work is laid out in wood, full size, ex- 
actly as it will appear in iron. The latter method has the ad- 
vantage that the work is seen in full size, and errors in connec- 
tions which nnight escape the drafting room very often appear 
here. But this requires a large building and very extensive 
floor room. By the former method, only bench room is re- 
quired. The templets should be made of soft pine, generally 
not less than i inch in thickness, and it is of the highest im- 
portance that the lumber should be well seasoned ; or other- 
wise templets will shrink before they are used and thus throw 
the connections out of line. It is the practice of most bridge 
companies to carry templet stock for one or two years in ad- 
vance of using, in order to insure its being well seasoned. 

The Railing and Shutter Shop is equipped with small 
punches and drill presses, and is designed only for light work, 
such as railings for bridge sidewalks, corrugated-iron doors and 
shutters, small gates, fences and fire escapes. The machinery 
is light, the space required for operating is small, and the cost 
of maintenance of this portion of the plant is less than any 
other. The building should be so arranged as to be easily ac- 
cessible, for although the separate parts of the product are 
small and easily lifted, in the aggregate they amount to con- 
siderable. It should be connected with the other portions of 
the plant by tracks and cars for moving materials in quantity 
to and fro. 

Art. 86. The Truss Shop. 

The truss shop, or main building, of a bridge-building 
plant is the largest and most important of all the buildings. 
It is here that all the heavier parts of the work are man- 
ufactured, and usually this portion of the plant comprises at 
least two thirds of the entire floor space. Some bridge-build- 
ing corporations manufacture only riveted work, and in a plant 
of this kind the truss shop is practically the entire plant. The 
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main or trusfr shop of The Berlin Iron Bridge Co., at East 
Berlin, Conn., is one of the best in this country, as no pains 
or expense has been spared to make it a model for all classes 
of truss work. A description of this will therefore give the 
student a good idea of a similar class of buildings, as it is pro- 
vided with all modern appliances, — the raw material entering 
at one end, and going out at the opposite end as finished 
product. 

Fig. 46 shows a general plan of the layout of this portion 
of the plant. The main building is 80 feet in width and 400 
feet in length. On each side, extending the full length of the 
yard, is a standard-gauge track for delivering raw material. 
The shop stands in nearly a north and south direction. Shape 
iron is delivered by the standard-gauge track on the west side. 
Plate iron is delivered by the standard-gauge track on the east 
side. Both tracks are laid on the surface of the ground, so 
that raw material is easily discharged from the cars upon the 
adjacent skidways. Besides the standard-gauge tracks on 
each side of the shop, there are also standard-gauge tracks at 
the finishing or south end extending into the building about 
120 feet, thus facilitating loading in stormy weather. When 
pieces of extraordinary weight are to be shipped, they can be 
much more easily handled by means of travelers connected 
with the roof trusses than by the yard derricks. The track 
arrangement is nearly perfect. Ten cars of raw material can 
be easily unloaded and stored in ten hours, and the same num- 
ber of cars of finished product can be loaded and switched out 
at the finishing end in the same length of time. 

Adjacent to the standard-gauge tracks and parallel with them 
are other tracks of narrower gauge. These are placed in such 
a position that the raw material is easily accessible and can be 
loaded on small truck cars with the least possible expenditure of 
time and labor. The points of comparison may be understood 
by reference to the general plan in Fig. 46. The student will 
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remember that the Mattabessett River therein shown is at the 
north end of the plant. A transfer table connects all the 
narrow-gauge tracks, so that cars can be transferred from one 
to the other. The main shop is equipped with three narrow- 
gauge tracks, one on each side (about 15 feet from the outside 
of the building), and one directly through the center of the 
building. The raw material is first loaded upon narrow-gauge 
truck cars and carried into the laying-out shop, where it is 
moved en masse, by means of overhead travelers attached to 
each roof truss, to the laying-out benches. Here it must be 
handled in detail, as the exact size and position of every bolt 
and rivet is to be carefully stamped upon it. From the laying- 
out benches material goes at once to the shear, where it is 
handled by means of jib cranes. 

Fig. 47 is a plan of the truss shop, and shows the general 
arrangement of the machinery. The boiler and engine room is 
on the west side in a brick building connected with the main 
shop, but separated by brick walls. The fuel used is crude 
oil, the tanks being located on the west side of the main track 
of the New York, New Haven & Hartford Railroad, and placed 
for safety 10 feet underground. The engine room is adjacent 
to the boiler room, and contains not only the main engine 
which furnishes power for all the machinery, but also an air 
compressor, a blast machine, two electric-light dynamos, and a 
large engine for blowing hot air into the main building for heat- 
ing purposes. All heavy material enters the main shop through 
the middle track. The cranes for the plate shear and also for 
the angle-iron shear are arranged to take the material from the 
center track, shear it or clip the ends, and deliver it to a truck 
car on the outside tracks. These cranes are designed to lift 
the material en masse or in detail — it being handled both ways. 
In this way the plates start on their course through the shop 
on one side and the shape iron on the opposite side. The 
punches are so arranged that the material after being punched 
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and trimmed is delivered on skids adjacent to the center track, 
ready for setting up and fitting. Over the punches the roof 
trusses are designed for a capacity of three tons, and are ar- 
ranged with a trolley on each truss for transferring material 
across the shop. The larger punches are also provided with a 
small traveling crane of three tons capacity for handling long 
heavy material. Nearly all the material is handled at the 
punch presses by hand, as it is found much quicker, the mate- 
rial being in small pieces. After leaving the punches the 
material is assembled ready for the riveters, and here it is nec- 
essary to provide power appliances for handling, as it now 
begins to assume the large proportions which it will have in the 
finished structure. 

The riveting appliances consist of two vertical riveters, one 
horizontal riveter and three portable riveters. Where work 
weighs two tons or less it is generally handled at the stationary 
riveters, proper appliances being provided for moving the work 
cheaply and expeditiously. The appliances consist of over- 
head travelers, with a motion both ways ; that is, a motion 
across the shop on the roof trusses lengthways of the shop on 
the traveler, and the other motion across the traveler by means 
of a trolley car. The amount of work which an ordinary 
riveter will turn out depends almost entirely upon the methods 
of handling the work at the machit^e. An ordinary riveter 
makes from sixty to one hundred strokes per minute, and its 
ability to drive a given number of rivets is limited only by the 
ability of the operator to get the work to be riveted, with a hot 
rivet inserted, between the dolly bars ready to be headed. The 
student will therefore understand from this that the number of 
rivets driven, or the cost of production in this part of the 
plant, is dependent entirely upon the appliances for handling 
the work. When the work exceeds two tons in weight it b 
generally advisable to move a riveter about it. The portable 
riveters are run by compressed air, the power being carried 
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through a. rubber hose, strengthened and protected by wire or 
marlin ; in this way the riveter with its power can be moved 
about the work. 

Fig, 48 shows an interior view of the Main Truss Shop, 
taken from a photograph, the camera standing at the finishing 
end of the building. The necessary appliances for moving 
work about the riveting machines, and the riveting machines 
about the work, are very effective. They are strong, rigid and 



Fig. 48. 
capable of quick action, as a large amount of time and unneces- 
sary labor may here be consumed without profitable results. 
In a shop like this where ail classes of structural work are 
 manufactured, from the heaviest railroad bridges to the light 
iron roof trusses, it is necessary that the appliances for han- 
dling the work in this part of the plant be of peculiar adaptabil- 
ity; heavy and strong for the heaviest work, and light, quick 
and easily operated for the light work. 

From the riveting machines the top chords and web posts 
of pin-connected work are delivered to the rotary planer, and 
thence to the drill presses ; they then pass out of the shop into 
the yard to be painted and loaded. 
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The loading appliances are shown in the general plan on 
Fig. 46. They consist of two jib cranes connected by wire 
rope to the hoisting engine which is provided with four drums, 
so arranged that each drum can act separately and independ- 
ently of the others. Each derrick is provided with two lines, 
one for raising and lowering the load, the other for raising and 
lowering the boom. By this arrangement one man operating 
the hoisting engine can work both derricks at the same time, 
and thus can raise or lower, or move the load out or in, as oc- 
casion may require. 

This, briefly, is the course which work takes in passing 
through the truss shop at the works of The Berlin Iron Bridge 
Co. This shop, as before noted, is 80 feet in width and 400 feet 
in length. The general features of its construction are shown 
in the interior and exterior views, Figs. 48 and 49. The sides 
of the building are made of glass for a distance of 10 feet down 
from the eaves. Below this the sides are left entirely open in 
summer to allow free intercourse between the inside and out- 
side of the building, and also for ventilating purposes. Venti- 
lation in this part of the plant is of equal importance with the 
forge shop, for here the gases, smoke, dust and dirt from the 
riveting furnaces is as great as from the forges. The plan 
adopted is believed to be the best. The greater portion of the 
Avork in a plant of this kind is done during the summer months, 
and at that time the temporary sides may be left off entirely 
from the building. This admits of free circulation of air, and 
secures what might be called absolute perfection as regards 
ventilation. In the building referred to, during the hottest 
months of summer the air is cool and a light breeze is always 
perceptible. In this way the comfort of the workmen is in- 
sured, and the consequent production increased. Besides light 
from the glass sides, the interior of the building is lighted by 
a line of skylights 12 feet wide placed in the plane of the roof, 
extending the entire length of the shop. At night the whole 
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bailding is lighted by 12 arc lamps and 250 incandescent lamps, 
all on the same circuit and driven by a Thompson-Houston 
dynamo. Arc lights, besides lighting the interior, are used to 
light the yard, while each machine has two or more incandes- 
cent lamps for the use of the operator. The building is heated 
by tile Sturtevaiit system of hot air, and ail furnaces, both for 
the boilers and rivet heating, are equipped with fuel-oil burn- 
ers using crude petroleum. Ventilation is secured by a monitor 
.at the ridge of the building, with swinging shutters on each side 



Frc. 49. 
the full length of the building. The construction of the build- 
ing is entirely of iron, no woodwork being used about it, so 
that the risk from fire is entirely eliminated. The cost of 
maintenance of the building consists only of painting and glaz- 
ing, and is thus reduced to the absolute minimum. 

The main source of power is a shaft extending the entire 
length of the building in the immediate center, placed on the 
upper side of the tie beam of the roof trusses. From this main 
shaft countershafts are driven which, in turn, furnish power for 
"the individual machines. Travel crossways of the building is by 
'means of trolley cars attached to the roof trusses. Motion 
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lengthways of the shop is by means of overhead travelers, 
shown in Fig. 48, although nnost of the material is moved in 
this direction on the three narrow-gauge floor tracks. The 
student will notice in Fig. 48 a number of finished bars occupy- 
ing the skidways. The drill press at the left is at work on an 
I beam, the one at the right boring a pin hole in a chord sec- 
tion. Directly over the latter will be seen an overhead track 
of 8 feet gauge, with a car. Upon this car is attached an 
ordinary chain hoist, which travels on the car crossways of the 
main track. In this way the operator has control of a floor 
space 120 feet long and 8 feet wide, and can take up a piece of 
iron at any point and deliver it wherever it may be required 
within control of his tracks. In the background are seen plan- 
ing and riveting machines with numerous workmen busy at 
their several duties. 

At the south end of the shop is the office of the superinten- 
dent and clerks, where are kept the daily accounts both of 
men and materials. Every pound of material which enters the 
works is carefully weighed on the cars before it is unloaded. 
When shipped out it is again carefully weighed and checked be- 
fore being loaded. Two pairs of scales are provided for this 
work, one a track scale having a capacity of 120CXX) pounds 
(besides the weight of the car) and the other a 20-ton ordinary 
platform scale, which is placed on the center track at the south 
end of the building, the beam of the scale being in the super- 
intendent's office, where the weighing clerk checks his weights 
as the material passes out. 

Art. 87. Roof of the Truss Shop.* 

The roof is supported by 26 trusses placed 16 feet apart 
between centers, each truss being 81 feet in span from center 
to center of supporting columns. The trusses are of the tri- 
angular type, 20 feet 2 inches rise to the ridge, where a ven- 
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tilating truss is placed. Plate VII gives a general plan of the 
most important details of these trusses, together with the details 
of the overhead travelers. A transverse section of the boiler 
house with its roof trusses, 29^ feet span, is also shown. All 
the joints are riveted, and the manner in which the splice and 
reinforce plates are arranged should be especially noted by 
the student. The lower chord of the main truss is a built-up 
I-beam section formed of a web plate 16 inches deep and i 
inch thick, with four angles 2 X 2 X i inch at the north end 
of the building, and 2 X 2 X | inch at the south end of the 
building. This lower chord is made extra heavy to stand the 
cross strain from the travelers and trolleys, which subject it to 
excessive concentrated loads. It is supported at frequent in- 
tervals by the angle web bracing, in order to transmit the 
stresses to the rafter and side posts. The rafter is formed 
of a web plate 10 X J- inch, with two angles 2^^ X 3 X i inch. 
The arrangement of the purlins and the connection of the 
glass and corrugated-iron covering will be readily seen from 
the several drawings on Plate VII. 

The roof is covered with The Berlin Iron Bridge Company's 
anti-condensation corrugated-iron covering. Corrugated iron 
is one of the best coverings for a manufacturing plant. It is 
absolutely fire-proof and, from the nature of its construction, 
when properly applied, will not warp, twist or work loose. 
The principal objection in our northern climates has been on 
account of the drip or condensation of moistiife on the under 
side. In winter weather, as the result of the cold air on the 
outside of the building, the warm air in the inside becomes 
chilled and deposits a portion of its moisture (held in suspen- 
sion) on the inner or under side of the corrugated iron, whert 
it drips down on the work and material in the interior of the 
building. A large amount of time and inventive talent has 
been expended to obviate this trouble, but nothing has been 
found practically effective until the present arrangement 



^88 BRIDGE SHOPS AND BUILDINGS. CHAP. X. 

adopted by The Berlin Iron Bridge Company, and used by 
them in the construction of roof coverings on their buildings. 

The roof trusses, as above noted, are i6 feet apart, con- 
nected by angle-iron purlins. These purlins are placed about 
27 inches apart, and upon them is spread one layer of galvan- 
ized-wire netting, stretched tightly and well laced together. 
Next are placed two layers of asbestos paper, well lapped, 
with broken joints. Above this are placed two or more layers 
of tarred paper, also well lapped, with joints well broken. 
Upon this surface the corrugated iron is laid in the usual 
manner. The asbestos paper and the tarred paper prevent 
the chilling action of the exterior air, and if any moisture does 
•condense on the under side of the corrugated iron the tarred 
paper prevents its percolating through. The method here 
-described has been in use on this building for four years, and 
no trouble whatever has been experienced from condensation 
or moisture on the under side. 

The data assumed for computing the roof trusses were as 
follows : Dead load of the roof 10 pounds per square foot, 
■snow load 10 pounds, and wind load 10 pounds, making a 
total of 30 pounds per square foot. This load under ordinary 
conditions would be somewhat light for a building located in 
the climate of East Berlin, but when it is considered that, be- 
sides this, the trusses in the north end of the building are cal- 
culated for a live load of three tons at any point of the lower 
chord, and the trusses at the south end of the building, in the 
vicinity of the riveters, planers and drill presses, are calculated 
for a load of five tons at any point in the lower chord, the 
dead, snow and wind load of 30 pounds per square foot may 
be considered sufficient. 

The maximum stresses in the principal members being 
•determined from these loads the sections were designed, using 
a working stress of 12000 pounds per square inch in tension 
and 9 000 pounds per square inch in compression. 
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Art. 88. Weight and Cost of Truss Shop. 

The materials used in the construction of this truss shop^ 
are steel and iron, — steel being used in the compression mem- 
bers, and iron in the tensile members. The weights of the 
difTerent parts of- one of the heavy trusses and the weight of 
one panel of the building are as follows : 

Pounds. 

Lower chord 3 700 

Web members i 800 

Rafters 2 450 

Ventilator truss 425 

Posts supporting truss i 060 

Purlins (3800 on roof, 1300 on sides) 5 100 

Bracing, average 900 

Glass covering of roof, 256 square feet 900 

Glass sides of building, 320 square feejt 900 

Iron covering of roof, 1480 square feet i 850 

Total weight for 16 feet in length 19 085 

The weight of the building per square foot of floor surface 
is hence nearly 15 pounds, while the weight of the trusses and 
roof is about 1 1 pounds per square foot of roof surface. 

The cost of a building of this kind complete, without any 
of the internal appliances, as travelers, cranes and tracks, is 
approximately forty thousand dollars. Tliis is about 8.4 cents 
per pound of material, or 125 cents per square foot of floor 
area. 
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CHAPTER XL 
SHOP PRACTICE.* 

Art. 89. Preliminary. Standards of Measure. 

When the computers have figured the dimensions and 
weight of a structure and the drafting department has from 
these computations made the working drawings and from 
them, again, the bills of material and lists for shipment, the 
material is ordered from the mills and the drawings handed 
over to the shops to put into metallic form what has hereto, 
fore existed only on paper. 

A through railroad bridge of the pin-connected type gives 
as good an example of the different classes of work to be done 
in the shop as any other structure that can ordinarily be found, 
and we may briefly sum them up as follows : Riveted work, 
which includes the compression members, floor and bracing ; 
eyebars, constituting the pure tension members : forgings, 
embracing the clevises, bent yoke plates and loop eyerods ; 
machine work on the pins and rollers ; and foundry, in the 
cast filling rings on pins. Incidental to the riveted work 
is the making of templets; and belonging to the wjiole we 
have the inspection, shipping and painting, and finally the 
cost. 

The fact of complete working drawings and bills of mate- 
rial reaching the shop means that everything is now ready for 

♦Written by Samuel Tobias Wagner, M. Am. Soc, C. E., formerly 
Superintendent of Shops, Phoenix Iron Company. 
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all the dimensions to be transferred, full size, upon the mate- 
rial, and as the different parts of every metallic structure are 
made in different departments, conformity in the standards of 
measure is of vital importance. 

Ordinarily there are two kinds of standard measures in use 
in most shops, one made of wood and the other of steel. A 
Brown and Sharpe two-foot scale is considered a standard for 
this length, and from a pair*of these a standard measure should 
be made, one in wood and one in steel ; and these standards 
should never be taken from the tool room of the shop. The 
wooden standard should be made of the straightest-grained, 
thoroughly-seasoned white pine obtainable, and kept well 
covered with a good coat of shellac varnish to exclude any 
mQisture. This should be about twenty to twenty-five feet 
long, from ten to twelve inches deep, and three inches wide, 
mounted on legs, and graduated on the upper edge with the two 
steel scales at a temperature of about 70° F. Wood will shrink 
endways, and the standard should be verified from time to 
time and regraduated if necessary. The steel standard meas- 
ures are best made ten feet long, of about three by one quarter 
inch metal, and laid out with the two steel scales when all are 
at the same temperature, in the same manner as the wooden 
standard. All poles issued to the shops should be made from 
these standards, and compared with them at regular intervals. 
It is customary to graduate all shop poles in inches, all frac- 
tions required on the work being laid off by a steel scale and 
dividers from the steel poles, and by an ordinary two-foot rule 
from the wooden ones. The standard measures therefore 
need only be graduated to inches. Shop men always use 
eighths, sixteenths, thirty-seconds, and sixty-fourths of an 
inch, and never decimals. Steel tapes are very convenient 
for checking dimensions, but should never be used to replace 
the steel poles where gvea^t accuracy is required. 
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Art. 90. Templets. 

A templet, in bridge or roof construction, is understood to 
be a frame of wood made of boards, which is an exact tull- 
sized representation of the piece of metal required, and from 
which the location of all holes and cuts is made. Templets 
differ from patterns fn that the former always apply to w^rought 
iron and rolled steel, while the latter are used to mold up 
cast iron or cast steel. The templet shop is the first place the 
drawings of riveted work reach after being distributed among 
the shops. Templets are made to facilitate the transfer of the 
dimensions given by the drawing to the metal, and therefore 
the larger the number of pieces to be made from one 
templet the more economical is the cost of tiie templet, and 
when once made correctly there is very little danger of a mis- 
take in punching. If there are only a few pieces of a kind ta 
be laid out the practice differs ; some shops making a templet; 
and others laying off one piece of metal in the shop and 
marking the others from this, or, where this cannot be readily 
done, in irregular shapes, laying out each individual piece 
separately. Shops equipped with multiple punches abbreviate 
their templet work materially, as very nearly all the holes are 
laid off by the machine. Where slight differences exist 
between two pieces, one templet, with the addition of certain 
notes, can often be made which will apply to both. 

Templets are ordinarily made of well-seasoned white pine, 
surfaced on both sides, and of the commercial thickness, about 
seven eighths of an inch. While this thickness is much in 
excess of what is required, it is generally used on account of 
the ease of obtaining it and its comparative lower cost com- 
pared with thinner boards. Templet makers must be able ta 
thoroughly and intelligently read the most intricate drawings, 
and they therefore command high wages. Compared with 
pattern makers, the templet maker has to make probably one 
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hundred vital measurements to one of the pattern maker, and 
while the latter must have more ingenuity to know just how 
he shall best make and part his pattern so as to mold easily 
and cheaply, yet he quickly learns this, and it is probably 
more than offset by the fact that not a single dimension of 
the templet maker can be incorrectly made without serious 
results, while in the pattern only the principal dimensions 
need be exact. The making of templets is therefore an 
expensive operation, and all that can be done in the design to 
duplicate pieces, or to make the work symmetrical, decreases 
its cost. 

Art. 91. Riveted Work. 

Everythmg is now ready for the shops except the material,, 
and this will at present be assumed to have been rolled, in- 
spected for surface defects and delivered to the shops. That 
class of work which must be connected with rivets, either ii> 
the shop or in the field, will first be taken up and followed 
through its various processes. 

X. Straightening and Curving. — All material should be 
perfectly straight at the beginning, so as to insure first-class 
work in the end, and to accomplish this it must be examined 
and correctly straightened. Plates are more likely to be out 
of h'ne than almost any other shape, and as they, on account 
of their great stiffness in the direction of their width, largely 
determine the outline of the member of which they form a part, 
it is of the greatest importance that they shall be straight. 
Several methods are in use which vary in excellence in the 
order here given. 

Plate rolls are used with generally five or seven rolls ar« 
ranged in two horizontal lines the one over the other, and so 
that the plate in passing between them is freed from bends» 
and by a special device it is also stretched on the short side 
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and thus straightened when it is out of line in the direction 
of its width. . These rolls do excellent work on plates of all 
sizes. 

Trip hammers arc used with carefully prepared hammer 
faceSy so as not to cut the plate or seriously mark it. These 
hammers straighten the plate in the direction of its width by 
stretching the plate on its short side, and in the direction of its 
thickness by hammering out the bends. The use of sledges 
operated by hand is the most expensive and probably the 
most damaging to the material of any of the methods men- 
tioned. 

The action by hand is exactly similar to that under the 
trip hammer. Beams, channels and tee bars are best straight- 
ened under either a cam, hydraulic or screw press, and angles 
in the same way, or preferably through a set of grooved rolls. 
As a rule these shapes come from the mill in fairly good form 
and do not need much extra work. All curving is either done 
under a press, in cases where the radius is long; and when the 
radius is short the shapes are heated in a furnace and bent to 
a wrought, or cast-iron form, which is fastened on a large cast- 
iron plate such as is used in shipyards. When such curving is 
required, it is done before punching, so as to avoid the distor- 
'tion of the holes, and to prevent their being stretched out of 
position. 

When it is important that such curved material must 
closely retain its shape, the holes must be drilled after it is set 
to the exact curve, and not punched, as the latter will always 
distort its form to some extent. Small plates such as pin 
plates and battens in some shops are straightened, or bent 
when required, by heating in a furnace and while hot pressing 
them between dies, one of which is stationary and the other 
acted upon by an hydraulic piston. 

2. Cutting. — The material is next cut to exact dimensions 
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except where a machine finish is required, in which case the 
bars are cut from J" to ^" longer on each end that requires 
iTiachining. This is in order to insure a flush surface on the 
finished member. The long bars which have square ends are 
generally cut sufficiently close at the mills, but may require 
trimming. Th^ shorter pieces almost always come from the 
mills in multiple lengths and are cut at the shop. All level 
■cuts must be made at the shops to insure the best work. 
Three different machines are preferred for doing this cutting: 
plate shears for all plates; angle shears for all angles; and 
cold saws for beams, channels, tees, zees, and all irregular 
shapes. Each of these machines i5 capable of making the 
ordinary cuts on all sections usually rolled, but the cut must 
always represent the path of a single intersecting right plane. 
Fig. 50 represents an angle shear capable of making square 
or bevel cuts. The back of the angle must always rest against 
the stationary horizontal and vertical knives during the opera- 
tion of cutting, and the horizontal leg kept level. The mov- 
able knife begins cutting in the fillet of the angle and then 
shears evenly on both legs. The bar may be moved to the 
right or left with the horizontal leg again remaining level, and 

then cut to whatever 

bevcJ may be desired, of / left 

course always within cer- 
tain limits which de- 




pend upon the special ^\ 5'- 

construction of the machine. A bar placed in the knives on 
the left-hand side of the machine will be cut like the piece 
marked **left" in Fig. 51, and one cut on the right-hand side 
like that marked " right." Both of these are shown in hori- 
zontal projection. 

From the above is readily seen the impossibility of making 
a- re-entrant cut. The compression of the shear knife always 
comes on that part of the bar which is in the rear of the 
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machine, and is so great as to distort the shape of the angle 
when the length of the piece cut off is less than the width of 
the narrowest leg. It will be noticed by referring to Fig. 50 
that the shear is driven by a special engine, a method which is 
economical and generally adopted. 

The cold saw consists of a circular disk of steel about 44'' 
in diameter and -f^" thick. It is mounted on a heavy cast-iron 
frame, and the journals in which the shaft caxfying the saw 
runs are very long. In front of the sa^ it a carriage which 
moves upon V's, and upon which the shape to be cut is 
clamped, after which the carriage is fed up to the saw by 
hand through a hand wheel and rack and pinion. An engine 
making about two hundred revolutions per minute runs the 
saw and is so belted that a point on the circumference of the 
saw has a velocity of about 4 miles per minute. The saw cuts 
its way through the piece by melting the metal The use of 
the cold saw is restricted to the cutting of shapes that cannot 
be sheared without expensive machinery and a great many 
changes of the cutting knives. Other cuts consisting of re- 
entrant angles can only be made by heating them in a smith 
fire and cutting them with a chisel, or by punching or drilling 
and then dressing up the edges cold with a hammer and chisel. 
Either method is expensive and to be avoided wherever pos- 
sible Usually all irregular cuts on beam3» channels, etc., are 
made from a templet. 

3. Punching or Drilling. — For this purpose the templets 
are applied, clamped fast, and the holes transferred to the 
metal by means of a center punch and hammer. The holes in 
the templet are bored so that the center punch fits them 
snugly. The operation of making the holes in the metal after 
their positions have been located is done in two ways, either 
by punching or drilling. Punching consists in forcing a piece 
of hardened steel, which has the shape of the hole, through the 
metal in question by means of pressure exerted upon it in a 
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.au(chu)e,.tlie metal puiidied out being forced through a die 
the top edge of which acts as a shear in combination with the 
punch. 

Punching machines are either arranged to punch one or 
more liolcs at a time, and are known as single or multiple 
punches respectively. The single punch always works upon 
material which has previously been laid off by a templet or 
directly upon the metal, and is generally arranged so as to 
reach to the center of wide plates, and to punch all irregular 
shapes. A punch proper with its accom- 
panying die is shown in Fig. 52. The tit 
on the bottom of the punch is for the 
purpose of centering the punch by entering 
the hole made in the metal by the center 
punch. Fig. 52 shows the punch and die 
in section through the center. The rel- 
ative standard dimensions as required by 
most specifications are the diameter of the ^^ 
punch d' .= ii-\- -^ inch, and the diameter 
of the cutting edge of the die ei" = (/-|- J 
inch, where d = diameter of the rivet. The ' 
piece of metal cut out by a punch is called Vio. ja. 

the " punching," and when the section of the punch is circular 
it is approximately a truncated circular cone, the small diamt;ter 
of which equals the diameter of the punch, and the larger the 
diameter of the die. Punches can be made of almost any 
reasonable shape, but, on account of the great expense of 
making complicated forms, are not much used on structural 
work. As each piece of metal is laid out it is marked with the 
contract number and either its individual mark or the mark of 
the member to which it belongs. 

Fig. 53 shows the front view of a Sellers multiple punch 
without the carriage. Four punches with their dies are shown 
in the machine, and there is room for eleven more. These can 
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be placed wherever required across the machine, which is 
capable of punching a plate 5' 11" wide. The gap shown in 
the center of the punch head is filled by a block when punch- 
ing plates; it is now open for punching channels^ Directly in 
front of the machine (not shown in Fig. 53) is a table which 
supports a spacing carriage. This carriage is peculiar. It has 
a spacing device which can with great readiness be set to any 
required distance in quarters of an inch from J-" to 13^" in- 
clusive at a stroke. The carriage runs on rails and is propelled 
by means of a rack and wheel, and to it one end of the angles 
or plates to be punched are clamped. On the opposite side of 
the machine is a traveling carriage which holds the other end 
of the bars in line as they pass through the punch. It is thus 
clearly seen that all longitudinal dimensions are made by the 
spacing carriage in directing its motion and transverse dimen- 
sions by the setting of the punches. Multiple punches are 
generally used on the main members of the structure as 
stringers, floor beams and chords, where there are a great many 
rivets in line. They are capable of punching at one time four 
angles, or two channels, and several rows of rivets in a plate, 
and require practically no templets except for very complicated 
or difficult connections. 

The work done by these punches is extremely good, mainly 
because they are more or less automatic. In order to simplify 
the work at these machines, and in fact as a general rule, it is 
advisable for the designer to confine himself to even numbers 
for rivet spacing. It is much easier for a workman to use in- 
tegral numbers than mixed, especially where they repeat con- 
stantly. Multiples of 1^", 2", or 3" are the easiest to lay out 
with a duodecimal rule. 

The practical .limit of punching iron or steel is where the 
diameter of the punch equals the thickness of the metal. Ex- 
ceptions to this occur, but it is neither advisable nor safe to 
count on them in general practice. Above this limit it be- 
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comes necessary to drill the work, which increases its cost very 
materially. 

The work for a drill press raust be laid out similarly to that 
for a single punch, and the tit on the end of the drill made to 
enter the center-punch mark. It will cost anywhere from three 
to ten times as much to drill an ordinary hole as to punch it, 
and as reaming a punched hole will not cost more than twice 
as much as punching, it will be cheaper as a rule on steel which 
must be punched and reamed or drilled to perform the former 
operations. Punching when carefully done is generally more 
reliable as far as accuracy of position is concerned than drilling. 
The drill may " run " or get out of place, while the punch if 
once properly centered will pass straight through. Of course 
the sides of a punched hole are not parallel, while those made 
with a drill are ; this, however, is not material on riveted work. 
After punching or drilling all necessary countersinking must 
be done before the work passes to the assemblers. Multiple 
drills are used to a very trifling extent on bridge work in 
America. In England their use is much more general. « 

4. Assembling and Reaming.— All pieces which do not 
have riveting upon them now pass out of the shop as they are 
ready for the field ; the remainder, however, are sent to the 
assemblers, where the component pieces of a member are 
fastened together with enough bolts to hold everything snugly 
in place, and the rivet holes which do not match sufficiently 
for the passage of a rivet are reamed. The machinery used 
for reaming varies in different shops, and numerous methods 
have been devised and are in use. The ends to be attained- 
with such a machine are quickness in action while reaming, and 
ease in reaching all parts of the work. The arm of the machine 
which carries the reaming tool should have a reach of five or 
six feet on each side of the support so as to prevent frequent 
moving of the work ; or better, be arranged so that the work 
remains stationary and the reamer moves. For intricate work 
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and on very large members that cannot be handled in the 
usual manner in the shop the Stone Flexible is very con- 
venient. This reamer works with a flexible core in a leather 
shaft similar to that used by dentists, has its power transmitted 
to it by a rawhide rope, and is very rapidly and quickly 
handled by two men. For shops equipped with electric power, 
wires can be run to a small motor which drives the shaft direct. 

In bolting up bridge chords and posts made of plates and 
angles, it is necessary to bolt up the plates and angles forming 
the sides of the member at one operation, and after they are 
riveted to have the cover plate and lattice bolted on as a final 
operation. 

At this stage it becomes necessary to ream the holes in 
steel members where the specifications require the holes 
punched small and reamed in order to remove the metal in- 
jured in punching. There are two ways of doing this, some 
shops preferring to ream each single piece separately, while the 
others pass the reamer through after the work is assembled. 

All holes which are left open for field riveting are now 
marked and a rigid inspection given the work to see that every- 
thing is in its proper place on the member. 

5. Riveting. — The member now is ready for riveting, an 
operation which consists simply in plugging up the holes with 
rivets which are heated to a cherry red in suitable furnaces. 

Several forms of supplying power to the cylinders of the 
riveting machines are in use, the principal being hydraulic 
power, from pressure pumps and accumulators ; air, from air 
compressors; and steam, direct from the boiler. On work of 
large size it is neither profitable nor convenient to move the 
work to the machines, but is far better to bring the machine to 
the work, and for this purpose portable riveters are used. For 
the portable riveters compressed air is the most convenient 
power, as it is readily carried through a heavy rubber hose 



Fig. 54— PORTABLK HYDRAULIC RIVETER. 



Fig. 55.— STATIONARY HYDRADMC RIVETER. 
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which IS generally wound with wire to make it durable. In 
order to take hydraulic power to a portable riveter it is neces- 
sary to use very heavy wrought-iron pipe with special stiff 
joints required by the pressure transmitted. From compressed 
air the pressure used is generally from 70 to 100 pounds per 
square inch, while the hydraulic pressure ranges from 900 to 
3000 and upward. The diameters of the cylinders of the 
machines therefore vary greatly, and for very high pressures 
they are small and the machine correspondingly light. 

Fig. 54 shows a portable hydraulic riveter mounted on a 
crane. The power is transmitted through the pipe shown on 
top of the crane, through the knuckle joints to the trolley and 
thence down to the machine. The riveter is shown in the 
proper position for riveting the cover plates on a girder or 
chord in their natural positions, but it can be turned to any 
angle whatever by means of the suitable apparatus shown. 
The hydraulic piston acts upon the lower jaw and forces it 
against the upper, thus pinching the rivet. The vertical height 
is readily adjusted by means of hydraulic pressure acting within 
the vertical tube. Any system of trolleys can be arranged so 
that the machine may run longitudinally over a large piece of 
work if necessary. The portable air riveter is very similar in 
application and differs only in details. 

Fig. 55 shows a stationary hydraulic riveter. When in po- 
sition the floor line is as shown. The work is necessarily 
carried overhead in the shop with trolleys upon a runway and 
suitable arrangements made to adjust the work vertically. 
The depth of the jaw through which the work passes is in 
some cases as much as ten feet, although five or six feet is the 
usual allowance and answers most purposes. The power is 
applied to the cylinder which is shown on top of the frame, 
and which operates the riveting cup shown on its end. The 
lever for operating is shown directly below the cylinder. The 
steam riveter is similar in its application, with the single differ- 
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ence of the substitution of a large steam cylinder for the 
smaller hydraulic one. 

Hydraulic riveting is much to be preferred to any other on 
account of the almost constant volume which water maintains 
under different pressures, and steam is the most objectionable 
on account of its great expansibility after doing its work in the 
cylinder. A hydraulic riveter will do either its full work and 
maintain the pressure during the time it is applied, or it will 
absolutely refuse to work. With steam a sudden blow is 
struck with the full pressure, and the steam expanding makes 
the latter part of the stroke almost worthless, and whether the 
metal of the rivet has filled the irregularities of the hole re- 
mains uncertain. There are always some rivets in work which 
cannot be reached by power, and which must be driven by 
hand ; and as a hand-driven rivet costs more than three times 
as much as one driven by power, these rivets should be avoided 
wherever possible in the design, outside of the fact that be- 
sides the extra cost they are very inferior in quality compared 
with rivets driven by power. Portable riveters as a rule are 
used in driving cover plates on girders, chords and similar work^ 
while the stationary machine works on the web. 

Rivet heads on structural work are as a rule nearly hemi- 
spherical, with a diameter of about one and one half times the 
diameter of the rivet. They are made by a machine which 
forms one head on the shank while the other is formed in the 
riveting machine ; enough metal is allowed to extend beyond 
the metal of the work to form the second head in the riveting , 
cup. The heads when formed should be concentric with the 
hole, and completely cover it ; therefore if the punching is bad 
the riveting will always show it. 

6. Milling and Fitting. — Members which must be brought 
to exact length are then taken to the rotary planers and the 
ends faced up, sufficient extra metal always being allowed in 



Art. 91. RIVETED WORK. 30J 

such cases to insure a true metallic end. In abutting members 
the greatest care must be taken in setting the work to make 
sure that the ends so faced are at right angles or at tlie proper 
angle to the axis of the member, and this, where there is no 
machined side or face to work from, requires considerable 
judgment on the part of the workman. At this point it be- 
comes absolutely necessary to use metallic poles to make all 
measurements, as the metal in the member and the pole must 
expand and contract in the same ratio. Previously the condi- 
tions of the work have not required such accuracy, and the 
wooden pole has answered every purpose. It is always advisa- 
able in the design to have as few pieces as possible on the 
member projecting beyond the finished ends, as they invaria- 
bly must be left off until after the member is faced, and then 
quite often it is impossible to rivet them by power, and the 
rivets must be hand-driven. 

Fig. 56 shows a 48-inch rotary planer made by Bement, 
Miles & Co. of Philadelphia. The work is clamped upon the 
perforated bed plate shown to the left of the cut, which is also 
the front of the machine. It is set square to the face plate of 
the revolving head which carries a number of *cutters fastened 
by the set-screws shown. This revolving head has a motion on 
the planed bed plate by means of feed gearing across the end 
of the work. The planed bed plate, head and all, move upon 
a central pivot, and are turned by means of a circular rack and 
pinion shown. This is for convenience in milling beveled work, 
in which case the center line of the work always remains at 
right angles to the normal position of the machine, and the 
member need not be skewed across the shop. 

Shop practice differs in the methods of finishing the ends 
of stringers when they fit between floor beams, and of floor 
beams when they fit between posts, and where in either 
case the member must have an exact length back to back of 
connecting stiffeners. Some shops face the members before 
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the end stiflfeners are riveted on and after facing fit them to 
place, mark off and punch the holes in the stiffeners, and then 
rivet. Others order the metal from -j^" to ^" thicker than 
called for in the stiffening angles, rivet them fast at the same 
time as the rest of the member, and calculate then to true up 
the ends in a rotary planer by cutting off all or a part of the 
surplus metal. Another method is to cut the chord angles and 
web plate short of the finished length, and then set the end 
stiffeners to exact length by measurement. In this case no 
facing whatever is done. Either of the first two methods is 
considered the best. 

For pin-connected work the chords and end posts are now- 
ready to go into the boring mill. When such members are 
punched the pin holes are cut to within about one half inch of 
the finished diameter of the pin. The boring mill consists of a 
long table with two movable head pieces. A longitudinal shaft 
transmits power to these head pieces wherever they may be. 
Each head piece has a spindle which may be either horizontal 
or vertical, and into this the boring bar with the cutters is fixed. 
Great care is taken in laying out the position of the pin holes, 
and the member is carefully lined up in the machine so. that 
the center line of the hole is exactly at right angles to the axis 
of the member. When the holes are bored and before the 
member leaves the machine a gauge is tried in each hole to in- 
sure its being of the right size. This gauge represents the pin 
as to diameter, and the holes are usually from ^y larger, where 
the pins are over 7" diameter, and -^'^ in smaller sizes. There 
is now probably nothing to be done but to fit up the splices on 
chords and posts so that they will match in the field and at the 
same time guarantee an abutting joint ; carefully chip and dress 
up all points of the work that require a neat finish. Ever}'- 
thing is now ready for its final inspection where it will be left 
for the present. 
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Art. 92. Eyebars. 

The tension members proper of a structure are usually 
round, square or flat bars. It is preferable to have round or 
square bars with loop eyes where the section is less than two 
and a half or three square inches, as they are cheaper and 
more likely to be perfect in workmanship ; while above that 
point the flat eyebar with solid head is the best. It is again 
best for convenience of shops and mills to order the widths of 
eyebars in full inches and make up the exact section in thick- 
ness. 

Iron eyebars are made either by upsetting alone or by upset- 
ting and piling. Piling consists in placing about 30 per cent of 
the total metal in the eye upon the upset which represents the 
remainder, taking a welding heat in a furnace and hammering to 
shape in a die under a steam hammer. If the eye is composed 
entirely of upset material it is just as important that it receives 
a welding heat to unite the fibers before being hammered as if 
it were partly piled. This is practically accomplished by plac- 
ing a small piece of metal on the eye when in the furnace, 
which metal must weld so thoroughly into the eye as not to be 
apparent after the hammering. After the eye is formed in the 
die a rough pin hole from i" to J" less in diameter than the 
finished pin is punched out under the hammer, when the forging 
is completed. 

Steel bars must always be made by upsetting alone, as 
welds in structural steel are not allowable under any circum- 
stances, while in iron the very metal itself is nothing more than 
a mass of welds. This upset, which is almost a perfectly 
formed eye, is made in a powerful machine which is operated 
by hydraulic pressure, is reheated and finished under the ham- 
mer in the same manner as the iron bar, or is then passed 
through a pair of flat rolls which smooth up the faces and 
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reduce to its proper size the thickness of the eye, which is 
^ always in excess of the finished thickness as it comes from the 
upsetter. If any folds or cracks develop in the upsetting or 
hammering of the steel bar, or in fact anywhere in the manu- 
facture, they must be chipped out until the metal is solid. 
They will never weld up and will always remain in the bar. 
The shape of the eye is usually circular, with the radius of the 
neck equal to the diameter of the eye. The excess of area in 
the head of an eyebar over the area of the bar when made of 
steel should never be less than 33 per cent, and generally 40 
per cent is considered a good working limit. Steel bars with 
20 per cent excess in the eye have broken the bar, but it is 
■exceedingly dangerous practice. In iron 50 per cent is usu- 
ally considered good practice. 

The iron bars now go to a straightening press, where they 
are perfectly straightened and then sent to the boring mills. 
The steel bars go to the annealing furnace, where they are piled 
on edge with small intervals between, and after being inclosed in 
the furnace the whole bar is brought to a uniform cherry-red 
heat by gas fuel or wood. The fire is then allowed to die out, 
the bars cool slowly until cold enough to handle, when they are 
sent to the straightening press and thence to the boring mills. 
These mills are generally similar to those used in boring riveted 
work, except that in this case the boring bar is very nearly 
always vertical. In some shops special care is taken that after 
the machine is set for bars in one panel all of the bars of that 
panel are bored before the machine is reset. The bars now 
have their pin holes gauged and the machined surface covered 
with white lead and tallow to protect them from rust. 

The pin hole must be as nearly as possible in the center of 
the eye, with its center on the center line of the bar, in order 
to be most efficient in the structure and to be really good 
workmanship. 
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Eyebars at the present time are made as large as 10 X 2||- 
inches; i2-inch bars will probably soon come into use. Bars 
of 4, 5, 6, 7 and 8 inches in width are the ordinary sizes used 
in bridge construction. 

It is customary on all contracts of any magnitude, especially 
for steel bars, to break some full-sized eyebars in the testing 
machine in order to determine whether the method of manu- 
facture and the annealing has been satisfactory. The strength 
developed in these tests has been shown to be slightly less than 
in the tests of small specimens. 

The following is a list of the largest testing machines in the 
world capable of breaking full-sized eyebars of any of the 
larger sizes : 

The Phoenixviile machine at Phcenixville, Pa,, the property 

-of The Phoenix Iron Co., and the largest machine in the world. 

Its total capacity is 2 160000 pounds, and it can break a bar 

-45 feet long with a stretch of 15 per cent. (See Engineering 

News, Dec. 28, 1893.) 

The Athens machine at Athens, Pa., the property of the 
Union Bridge Co. Its total capacity is i 244000 pounds, and 
it can break a bar 40 feet long with a stretch of 12 per cent. (See 
Transactions American Society of Civil Engineers, Jan. 1887.) 

The Watertown>nachine, at Watertown Arsenal, the prop- 
eity of the United States Government. Its capacity is i 000 000 
pounds, and it can break a bar 30 feet long. 

The Edgemoor machine, at Edgemoor, Del., the property of 
The Edgemoor Bridge Co. Total capacity 700 000 pounds, and 
it can break a bar 35 feet long. 

The Keystone machine, at Pittsburg, Pa., the property of 
The Keystone Bridge Co. Its total capacity is 600 000 pounds, 
.and it can break a bar 30 feet long. 
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Art. 93. Smith Work. 

When square or round rods are used in a structure, and the 
connection is made by means of a nut on the end of the same, 
the ends must be sufficiently enlarged by upsetting so as to 
have an excess of area at the root of the thread over the body 
of the bar. This upsetting is done in a machine which upsets 
enough metal on the end of the bar to give the required sec- 
tion. The bars are then taken to a screw-cutting machine and 
threaded. If the ends of the rod connect to a pin, the rod is 
bend around the pin and welded on itself, forming what is 
technically known as a loop eye. In this loop the pull on the 
weld is indirect, which is its only redeeming feature, as a weld 
in the principal members of a structure which is subject to 
vibrations or shocks is not safe. In the case of counters where 
adjustment is needed, the loop-eye rods are cut in the body of 
the bar, the ends upset and threaded and connected by a turn- 
buckle or sleeve nut. The loop eyes are made in an ordinary 
smith fire and bent around a form by means of a lever ; the end 
is then scarfed and carefully welded. They should always be 
bent around a diameter from 3^" to t/^" less than the diameter 
of the pin and bored out to insure a good bearing. 

Most loop eyes when tested to destruction will break some- 
where in the weld, and generally by tearing the weld open. 
They however, as a rule, develop nearly the full strength of 
the bar before so breaking. Care should therefore be taken to 
have these welds made by the most experienced men. 

When a screw rod is required to take hold of a plate or 
angle a clevis is generally used. This is a for ging^nade as fol- 
lows, and is hammered from a solid piece of iron or steel. In 
Fig. 57 the first operation forms the nut, and partly shapes the 
neck ; it also makes the hole in the nut. The second opera- 
tion under another die forms the eyes of the jaws. The third 
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consists in bending the eyes around the nut, and finishing the 
rough forging, which is then dressed up in a smith fire. The 
holes for the pin are then drilled under a drill press, and the 
nut tapped in a screw-cutting machine. Clevises are always 
shipped fast on the ends of the rods to which they belong. 
Bridge work may require forgings of a great variety, but most 




Fig. 57. 

of them are resolved into ordinary smith or hammer work 
which it is not necessary to describe in further detail. Sleeve 
nuts and turnbuckles are specialties in the trade, and are sel- 
dom made by manufacturers of structures. 

Bolts and rivets are usually made by most of the larger 
shoj)s which do the heavier part of the work, and their object 
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in so doing is to be able to control their own product. The 
machines in which they are made are upsetters operated by 
lever power and driven by belts and shafting. The heads are 
formed by upsetting the rod in properly-formed dies. Stocks 
of the sizes most frequently used are always kept on hand 
ready for use at a moment's call. The lengths of rivets gen- 
erally run by eighths of an inch, and the diameters most in use 
are f , J and i inches. Shops ordinarily are not willing to make 
diameters in sixteenths of an inch on account of the necessity 
of making new tools. 

Bolts in stock generally vary by quarters of an inch in 
length, and are of the same diameters as given above for 
rivets. They are usually made with hexagonal heads and 
nuts. 

Art. 94. Machine Work. 

Machine work proper on bridges and other structures (by 
which is meant lathe and planer work) consists principally in 
turning pins and rollers, and in planing wall plates, shoes and 
pedestals ; while on swing spans there is the planing of the 
beveled track plates, the turning of the conical wheels, and the 
machinery for turning and locking the span. For pins and 
rollers the material comes to the shop from the mills from -jV' 
to f\" larger in diameter than the finished diameter, and has to 
be placed in a lathe and turned to fit the gauge which now 
represents the size of the hole bored in the riveted member or 
eyebar. Cold-rolled iron and steel is being used to a consider- 
able extent for pins and rollers up to 4" in diameter; it is 
beautifully polished by the action of the rolls, and so true to 
gauge that no turning is necessary. The ends of the pins are 
cut down, and the threads chased for the pin nuts, while the 
pin is still in the lathe. The planer is used for finishing up 
the bearings of the shoes which go on the roller frames and the 
wall plates on which the roller nests rest, and for planing a l«vel 
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in any plate where such level is required by the grade. The 
remaining work that must be done in the machine shop proper 
contains nothing of special interest, and outside of fitting up 
the machinery for swing bridges is mainly embodied in the 
above-mentioned operations. 

Art. 95. Foundry Work. 

Ordinarily cast iron is not an important factor in bridge and 
roof construction, and hence it will not be necessary to go into 
details regarding foundry work. In swing span work there is 
generally a larger amount of work for the foundry than in any 
other style, as the top and bottom track, the conical wheels, 
the rack and pinion, together with the gearing that is neces- 
sary to turn and lock the span, all makes work for the molder. 

The drawings for this class of work when being distributed 
among the shops all go to the pattern shop, where old pat- 
terns are either used, altered, or new ones made. These are 
then carefully marked and turned over to the foundry foreman. 
On structural castings the foundryman has to exercise special 
care, and mix his iron so as to produce a good, strong, tough 
casting. The track and wheels in swing-bridge work should be 
made of the best hard roll iron so as not to wear too rapidly. 
Designers should always avoid making castings where large 
masses of thick metal lie alongside of their places. In such 
cases serious internal strains are developed in cooling, which 
if they do not break the casting at once, may do. so at any 
moment, even after the casting has been cold for weeks. The 
foundryman takes all the precautions with such castings that 
he knows ; after the casting has been poured he strips the sand 
carefully from the places where the thicker metal exists, and 
keeps that which is thin well covered up ; but all his care is 
apt to count for nothing if the difference in thickness is too 
great. Sharp corners should be avoided, and all re-entrant 
angles rounded so as to enable the pattern to be readily drawn 
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from the sand, and also to strengthen the casting. As a rule 
in castings, those which are specially smooth and in which the 
metal is run into the mold in a very thin condition are most 
deficient in strength, and the casting which has the most strength 
and toughness is liable to be rather imperfect on sharp corners 
and edges, owing to the fact that it is more viscid while hot. 

All patterns are made from a shrinkage rule which is \" 
long in 24"; this is about the proportion in which cast iron 
shrinks in cooling from the liquid state. Any one measuring 
a pattern with an ordinary two-foot rule must bear this in mind. 

Art. 96. Inspection. 

There are generally two kinds of inspectors around a bridge 
or roof shop, the first being the man appointed by the manu- 
facturer, and the second the man sent by the purchaser or his 
engineer, whose representative he is, to se6 that the structure 
is built in accordance with the specifications and drawings. 

The purchaser's inspector, when visiting a shop, should 
have in his possession a copy of the specifications, and obtain 
from the drafting department a full set of working drawings 
and lists of material. He should then proceed to find the 
names of the mills and their location from which the material 
has been ordered. He should place himself in communication 
with them, and be kept informed as to when they will roll the 
material for his structures. At this time also he should fur- 
nish them a list of the test pieces required by his specifica- 
tions. When a rolling is made of any size on his schedule, 
the inspector should be on hand promptly and see that the 
bars are of the section required, select his test pieces if any 
have been ordered, and then examine every bar for surface 
defects. If the tests are satisfactory every bar which has been 
passed should be stamped with a distinguishing mark usually 
cut on one end of a small steel hammer, and the imprint on 
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the metal surrounded by a ring of white lead so as to easily 
locate it. 

To shopmen this stamp on the material is the signal that 
they can proceed with their regular shop manipulations with- 
out asking any questions. At many of the shipyards in Eng- 
land not a bar of metal will be received at the works without 
the inspector's stamp on it. This is an excellent plan as it 
places the inspection where it should be, that is, at the place 
where the material is made. This allows of the substitution 
of good for rejected bars with the minimum delay and expense 
to all concerned. Cases have been known where it has been 
necessary to reject a single bar out of a lot of material very 
urgently required three hundred miles away from where it 
was manufactured, and wait for a week or ten days until it was 
replaced. 

After the material has reached the shop the inspector 
merely wants to watch the work as it proceeds through the 
various stages which have been heretofore mentioned, and see 
that the workmanship is good, and that the metal is not mal- 
treated in any way. The inexperienced inspector may fall 
into a trap when he sees the drift pin, which is proscribed in 
liis specifications, being used in assembling. It is just at this 
point that the drift pin is doing its legitimate work, where it 
is used in order to force the component pieces of the member 
into position before any bolts or rivets are in place. After the 
work is bolted together, reamed and some rivets driven the 
drift is doing dangerous work if used, as it is now enlarging 
the rivet hole at the expense of serious compression in some 
of the component pieces. There can be nothing but distortion, 
as the work is held by the rivets already driven. 

As soon as the riveting is done, the inspector should ex- 
amine the rivet heads to see if they are full, well formed, con- 
centric with the hole and tightly driven. This latter require- 
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ment is tested by striking the rivet a sharp blow on the side of 
the head with a small hammer. Practice soon tells which are 
loose and which are not. At this stage of the work it is well 
to raise any objections regarding straightness, as if this is not 
satisfactory it is the best time to rectify it. After the milling 
and boring are done and before the work is oiled or painted the 
inspector should satisfy himself that it is built according to the 
drawings and that the dimensions are as called for and then if 
satisfactory stamp it. 

With eyebars he should keep a general lookout over the 
operation, but need make no actual inspection until the bars 
are finished ; then, as he has previously examined the material 
in the body of the bar, he should measure the diameter of the 
eye and the thickness of the same and have pin gauges tried 
in the pin holes. The general finish of the eye should receive 
his attention and he should see that the neck has its proper 
section. Great care should be taken to observe any flaws 
which exist in the eye, especially in steel bars, as they are 
much more dangerous than in iron. Forgings and pins should 
be carefully looked over and measured and all finished surfaces 
covered with white lead and tallow to prevent rust. The in- 
spector has no right to insist on any special method of manu- 
facture at any stage of the work, unless such process is dis- 
tinctly required in his specifications. All he is interested in is 
that the work complies with the specificiations when it is com- 
pleted, provided that the metal suffers no injury in the pro- 
cesses used. 

The inspector acting for the manufacturer is not concerned 
especially until the material comes out of the shop, except in 
certain cases. Most manufacturers inspect themselves all ma- 
terial that they buy from outside their shops, no matter who 
the customer's inspector may be. Again, there are always 
regular rivet inspectors in each shop who see that no loose or 
faulty rivets pass the machines, and that the member is assem- 
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bled properly before any rivets are driven. When the member 
comes out of the shop finished, the shop inspector is to be 
especially careful to see that all minor details and clearances 
are as shown on the drawings, and a good inspector will often 
find errors of clearance wliich exist on the drawings. He is 
always on the lookout for total and principal dimensions; and 
the location of all field holes, in fact the parts of the members 
where connections are made concern him most. He is making 
a critical examination to avoid any trouble to the erector in 
the field, as errors are much more cheaply corrected in the 
shop ; and in the field delays may be very serious. If the 
work is erected by the purchaser his inspector should watch 
these points with more care than usual, so as to avoid this 
same possible delay in the field, but when the manufacturer 
erects the structure there is not as much need for the pur- 
chaser's inspector to be particular on clearances. The manu- 
facturer is held responsible for any errors of his own making 
all the way through from the mill to the finished structure, no 
matter whether they have been passed by the purchaser's in- 
spector or not. ^' 

An inspector should be on hand at all times, or within easy 
call, so that shopmen can consult with him about questionable 
points as they arise, and in this way avoid a great deal of fric- 
tion which may occur if they proceed in the way that seems 
best to them without consultation with the inspector. When 
reading and acting upon his specifications he should always 
remember the note that Theodore Cooper places at the head 
of his specifications for bridges : 

" The most perfect system of rules to insure success should 
be interpreted upon the broad grounds of professional intelli- 
gence and common sense." 

See an article by the author of this chapter in Transactions 
American Society of Civil Engineers, Dec. 1887. 
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Art. 97. Painting and Shipping. 

When the finished member has been inspected and stamped, 
it is ready for painting and oiling. Specifications vary exceed- 
ingly in these requirements, but probably the following clauses 
taken from Cooper's specifications cover good practice : 

" All iron work before leavipg the work shall be thoroughly 
cleaned from all loose scale and rust, and be given one coating 
of pure raw linseed oil, well worked into all joints and open 
spaces. 

"In riveted work the surfaces coming in contact shall each 
be painted before being riveted together. Bottoms of bed 
plates, bearing plates and any points which are not accessible 
for painting after erection shall have two coats of paint : the 
paint shall be of a good quality of iron-ore paint subject to 
approval of the engineer. 

" Pins, bored pin holes and friction rollers shall be coated 
with white lead and tallow before being shipped from the 
shop.*' 

Some specifications call for red lead instead of oxide-of- 
iron paint, some for special trade paints and some for coal tar; 
some for a coat of raw linseed oil, and then a coat of oxide-of- 
iron paint; and, lastly, some for pure boiled linseed oil — all 
before leaving the shop. 

When the work is painted or oiled the shipping department 
of the shop takes hold of it and places it on the cars ready to 
go to its destination. Power handling is advisable at all times, 
but more especially toward that part of the shop where the 
work is finished, as the member is constantly gaining in size 
and weight ap it nears completion ; therefore the shipping 
department necessarily handles the heaviest weights, and good 
facilities should always be at hand to place large members on 
the cars. When plate girders 120 feet long are shipped in one 
piece, and short members weighing 30 tons or more are to be 
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handled, it requires considerable ingenuity to place them on 
the cars and securely fasten and brace them so that they will 
not be injured in transit. When the length of members 
exceeds that of one car, the bottom of the member must be 
raised high enough to clear the sides of the car by means of 
bolsters built up from its bed. On top of these bolsters it is 
customary to fasten an iron plate to reduce the friction of the 
member when the cars are passing around curves, and to pre- 
vent the metal of the member cutting into the wood of the 
bolster. Precautions must be taken to insure the piece from 
any longitudinal motion, as since the general introduction of 
air brakes on freight cars there is a decided tendency to move 
in this direction. 

« 

All bolts, field rivets and small pins are boxed and marked 
so that their contents can be readily known. 

The limiting height of loading on cars above the rail varies 
on different roads, and the design must be kept within this 
height, or the member shipped in pieces and riveted in the 
field. In eastern Pennsylvania material which is 14 feet 6 
inches above the top of the rail when loaded is about as 
high as the railroads will accept. This height depends upon 
the clear height of tunnels and bridges on the route, and there- 
fore it is necessary to ascertain what can be transported over 
the desired route before finally settling on the design. 

Before shipment the weight of every piece is carefully taken 
and entered on a record book. 

Art. 98. Cost of Manufacture. 

Every order passing through the shops receives an order 
number for easy identification, which is marked upon all draw, 
ings and bills of material, and in white lead upon all the ma- 
terial as fast as it is appropriated for the order. Whatever 
labor is done upon this material is reported to the accounting 
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department from day to day, and when the contract is finished 
is all collected together. This labor account, together with the 
particular share of the cost of superintendence due the order, 
the steam, oil, tallow, interest on plant, cost of repairs, small 
merchandise, and the actual templet lumber consumed, is con- 
sidered the cost of the work, bare of profit. 

When the men in a shop work by the piece the cost of 
work of similar kinds should be practically the same on two dif- 
ferent contracts. Under the piece-work plan, if it costs one cent 
to punch one hole it will cost two cents to punch two ; and this 
proportion generally holds good whether the men work by the 
piece or not. Want of duplication or symmetry in the design 
very materially increases the cost of the templet-shop work, 
and the laying out on the metal, and on complicated work it 
takes the men longer to become familiar with the drawings; 
and by this is meant the number of different pieces to be built, 
and not the number of sheets of paper. The want of sym- 
metry, however, does not affect the cost of assembling or rivet- 
ing, unless the number of rivets in the two cases is different. A 
design which calls for such an arrangement of the component 
pieces that the majority of the work must be riveted by hand 
increases the cost by a very considerable amount. It is sure to 
run much higher than that on which machines can be used. 

Ordinarily the cost of work increases in the same ratio as 
the difficulties in the design. If it takes long to work out a 
design on paper, it will take a correspondingly long time to 
work it through the shop, and the cost will increase in pro- 
portion. 

It is impossible to assign any cost per pound for ordinary 
structural work on account of the great range and variety of 
the different classes of construction, the specifications, and the 
fluctuating values in the market prices of the material ; but for 
bridge practice it will be economical in the shop as well as for 



Art. 98. COST of manufacture. 319 

other considerations to limit the length of plate-girder spans to 
80 feet, lattice girders to 125 feet, and from that point up to 
use pin-connected spans. 

The cost of any structure can be most accurately deter- 
mined with the least loss of time by submitting the design to 
some manufacturer, or by a comparison with work of a similar, 
style when such work can be found. 

At the present time most millmen prefer rolling steel to 
iron, and the cost will not be essentially different in the shops 
unless the specifications require that the holes must be reamed^ 
and all sheared edges planed. 

An effort to keep the number of different shapes down to a 
minimum will do a great deal toward hastening the completion 
of the work, and will probably lessen the cost. For instance, use 
one width of eyebar throughout the bridge if possible, and use 
as few sizes of angles on chords and floor system as can be con- 
veniently done ; but changes in thickness do not matter. Keep 
flanges of plate girders horizontal instead of curving them as 
theory demands for uniform strength. Avoid blacksmith work 
wherever possible, as it is very expensive to make, and ordi- 
narily if the same end can be accomplished in some other way 
It will be cheaper. 
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CHAPTER XII. 
A BALLAST-FLOOR PLATE- GIRDER BRIDGE.* 

Art. 99. Description. 

Plate VIII shows the general plan and general details of 
Bridge No. 341, near Castleton Station on the New York 
Central and Hudson River Railroad, built in 1892. The clear 
span is 59 feet and the length over all is 66 feet. The bridge 
being for a double track, the distance apart of the plate girders 
is 28 feet between centers. The distance between centers of 
tracks is 12 feet. 

The girders are 6 feet in depth between backs of flange 
angles. These angles, which are 6 X 6 X i inch, are without 
splices for the entire length of 66 feet. The cover plates are 
of the same length and section for both upper and lower 
flanges, and the gross section of each flange at the middle of 
the girder is made up as follows : 

Square Inches. 

2 angles, 6 X 6 X f inch 20.10 

1 cover plate, 20 X xV ^'^ch 8.75 

2 cover plates, 20 X } inch 30.00 

Gross section 58.85 

The net section of the lower flange, found by diminishing the 
gross section by four rivet holes, two through the vertical legs 
of the angles and two through the horizontal legs and cover 
plates, is 51.94 square inches. The rivets throughout the 

* Prepared from data furnished by Geo. H. Thomson, M. Am. Soc. C. E.. 
Engineer of Bridges, New York Central and Hudson River Railroad. 
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girder are J inch in diameter, and the excellent manner in 
which they are spaced and staggered should be carefully ob- 
served by the student. The web plate is i inch thick and 71^- 
inches deep, and is spliced three times in the total length of 
66 feet. The distance apart of the stiffeners is 58^ inches at 
the middle and 30 inches at the ends of the girders. 

The floor of the bridge consists of a series of rectangular 
troughs riveted to angles placed at proper intervals upon the 
girders. These troughs are about 14 inches wide and 18 inches 
deep, the bottom plates being 14^ X xV ^"^^ ^"^ ^'^^ vertical 
ones 18 Xf inch. The intervals between the troughs are 
covered by plates 1 5 X xV inch, thus making a closed floor^ 
which is covered by ballast. These plates both at top and 
bottom are riveted to angled 3 X 3 X f inch. The bottoms 
and sides of these troughs are covered with a thickness of two 
or three inches of binding material sloping to allow drainage^ 
as more fully described in the next Article. The ballast is 
spread over the floor to a depth of nearly 12 inches at the 
middle of the tracks, and the cross ties are embedded in it in 
the usual manner. The floor thus made is a stiff one, and the 
shocks caused by a train are distributed and annulled by the 
ballast, so that the bridge has but little vibration. 

In Engineering News, Nov. 16, Nov. 23 and Dec. 7, 
1889, will be found descriptions and drawings of a deck-plate 
girder of 25 feet length and of a through pony truss of 65 feet 
9 inches length, both arranged with solid trough floors for 
supporting ballast. These and other bridges of this class were 
built on the New York Central and Hudson River Railroad 
from designs of Geo. H. Thomson. For an interesting dis- 
cussion concerning these and other similar floors the student 
should consult a paper by A. F. ROBINSON in Transactions 
American Society of Civil Engineers, 1892, Vol. XXVI l^ 
pp. 483-514. A very shallow floor system with a continuously- 
supported rail is described in an article on the Chicago 93d 
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Street subway of the Illinois Central Railroad, in The Railroad 
Gazette, March 30, 1894. 

Art. 100. Loads and Stresses. 

The dead load for this bridge, including ballast and track, 
is 4530 pounds per linear foot of track. The live load was 
taken at 3980 pounds per linear foot of track, and this may be 
regarded as uniformly distributed upon the girders by the 
ballast and floor troughs. 

The permissible stresses for the steel in pounds per square 
inch were as follows : 

For Dead Load. For Live Ljad. 

Intension 20000 loooo 

In compression 16000 8000 

The span of the girder between centers of bearing plates 
is about 63^ feet, and the effective depth is closely that 
between backs of flange angles, or 6 feet. The maximum 
flange stresses (Art. 34) are found to be 380 500 pounds for 
the dead load and 334 300 pounds for the live load. The net 
section required for the lower flange by the permissible unit 
stresses is 52.45 square inches, and the gross section required 
for the upper flange is 65.54 square inches. The maximum 
shear at the end of the girder is 270 200 pounds, and, as the 
net section of the web is about 25 square inches, the shearing 
stress per square inch is less than 1 1 000 pounds. 

The vertical edges of the troughs, with the angles and top 
plates, may be regarded as girders carrying the ballast and 
floor, the length of each being 28 feet and the depth 15 and 
the width also 15 inches. The dead load on each is about 
9000 pounds and the live load is 10 000 pounds. The flange 
stresses at the middle are then 21 000 pounds for dead and 
23 300 pounds for live load, which require a net flange section 
of 3.4 square inches. The actual section of the lower flange, 
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however, is 1.7 for the angle and nearly 3.5 for the plate, which 
shows that the troughs are amply strong to resist flexural 
stresses. The maximum shear at the ends on each vertical 
plate is 9500 pounds, to resist which there is a net section of 
■about 5 square inches. 

The rivets were { inch in diameter for the girders and } 
inch for the floor. The rivet holes were reamed whenever 
the metal was less than f inch thick, all burrs being removed. 

Art. ioi. Specifications for Construction. 

The design of the ballast-floor bridge shown in Plate VIII 
was made by the engineering department of the New York 
Central and Hudson River Railroad Company, and proposals 
for its manufacture and erection were invited from bridge com- 
panies subject to the following specifications: 

General. 

1. The bridge shall be a double track through plate-girder span of 
'66' o" total length, with one end left free to slide on planed bearing 
plates. The girders will be spaced 28' o" center to center, and will sup- 
port a box floor as shown on general plan, marked "Approved, Walter 
Katte, Chief Engineer, August 5th, 1892," said plan to be considered as 
forming part of these specifications. 

2. The entire structure shall be of steel as per standard steel specifi- 
cations hereto annexed, dated Jan. 12th, '92, and as per note upon the 
general plan above referred to. (See Art. 102.) 

3. The Contractor shall furnish all material and shall manufacture 
and erect the bridge in place, to such lines and grades as the Engineer 
shall designate. 

4. The Contractor shall furnish all staging and falsework, and tools 
necessary to erect the bridge, and shall remove the same as fast as the 
progress of the work admits. 

5. All the operations of the Contractor shall be subordinate to the 
unobstructed use of the tracks by the R. R. Co. The Contractor will 
be required to exercise great care so that passenger trains may pass at 
all times without delay at a rate of speed not less than (20) miles per 
hour. 
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6. The Contractor will not be required to change or shift railroad 
tracks. 

7. The Railroad Company will furnish and lay the cross ties, ballast, 
etc. 

8. Any changes in details of construction shall be subject to the writ- 
ten approval of the Chief Engineer. 

9. These specifications are subject to the interpretation of the E^n- 
gineer. 

10. All materials and workmanship shall be subject to the inspection 
and acceptance or rejection of the Engineer. The Contractor shall 
furnish all reasonable facilities for the inspection of both materials and 
workmanship. 

Workmanship. 

1. All work shall be manufactured so as to fit with absolute practicajp 
precision. When work does not come together with precision, new ma- 
terial must be provided and reman ufactured true to fit, and for such new 
material the Contractor shall furnish a bill as per clause (6) of steel 
specifications hereto annexed. 

2. The sheared edges of all plates and angles shall be planed, also 
the bearing surfaces of sliding and sole plates, and elsewhere face as 
shown on plan. 

3. All plates and angles shall be carefully straightened before they 
are laid off, and such angles as in the opinion of the Engineer are kinked 
or twisted shall not be used in the work. 

4. The stiffeners of main girders shall be brought to a close fit against 
the flange angles. 

5. All rivets shall be i" diameter except in trough, where rivets shall 
be J" diameter. All rivet holes shall be drilled except where shown on 
plans to be punched and reamed. Drill the flanges clamped together. 
All rivet holes must be truly spaced precisely to pitch. The heads of 
all i" rivets shall be of the following dimensions : 

All rivets shall be upset completely filling the holes, with rivet heads 
laid exactly on the pitch lines, concentric, full, "close up" to a good 
bearing against the plates and angles, free of checks and neat in finish 
throughout the whole work. Strongly bolt or clamp together all work 
to be riveted. 

6. The Contractor will furnish small bolts where required. 

7. The girders shall be manufactured in one length at the shop. 
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Erection. 

1. The Railroad Company will haul cars loaded with tools and ma- 
terials from Castleton Station to the bridge site, and return to said 
Station ; but the Railroad Company will select the time when this work 
is to be done, and if traffic requirements demand, the Contractor shall 
be required to do this u^ork nights or Sundays. 

2. The cars loaded wiih girders shall be placed on the proposed site 
of bridge, and the Contractor shall derrick the girders from the cars, 
placing them on his falsework. The bridge will be erected on this 
falsework and completed tliereon, and shall be shoved by the Contractor 
into bearing at such date and hour as the Engineer shall designate. 

Coating and Painting. 

1. The plates and angles of the floor shall be immersed in a bath 
composed of the following ingredients : Trinidad Asphalt (refined) 70 
l>arts by weight. Coal-tar pitch, 30 parts by weight. The bath shall be 
heated not to exceed 350^ Fahr. The plates and angles immersed shall 
be kept in the bath for ten (10) minutes at the above temperature, and 
fifteen (15) minutes if temperature is reduced to 300*^ F. 

2. All other metal work of bridge shall receive one coat of black paint 
at the shop, and two coats after erection. Paint heads of field rivets while 
warm. 

3. The bottom of troughs shall be covered with binders, curving to 
center, and slightly raised in the middle and at the two ends and sloping 
down to the bottom of troughs at a point about 2' 6" from either end, at 
which point the drainage holes are located on the general plan. Ends 
of trough shall be finished with binder. 

4. The binder shall be composed of clean gravel about i" cube, heated 

to 300** Fah. and mixed with No. 4 Paving Composition, one gallon to 

one cubic foot of gravel. 

Inspection. 

1. All the tests enumerated in the Standard Steel Specifications 
hereto annexed shall be made at the Contractor's expense. 

2. The inspection of the finished work at the shops shall be at the 
expense of the Contractor. 

3. The inspection in the field shall not be borne by the Contractor. 

Final. 
No free passes on account of this work, excepting as far as covered 
in clause (i) of erection. 
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Art. I02. Spi:ciFiCATio>fs for Steel. 

The material used in this bridge was open-hearth steel. 
The following are the standard specifications for structural 
steel in force on the New York Central .and Hudson River 
Railroad in 1892, which are referred to in the last article as 
applicable to Bridge 341 : 

(i) The steel will be " Open Hearth," of a manufacture approved by 
the Chief Engineer. All steel to be free from laminations and injurious 
surface defects. Strips cut lengthwise from shapes, bars and plates, of 
such sizes as the Chief Engineer shall determine, shall possess an ultimate 
tensile strength of not less than 57 000 lbs., and not exceeding 64000 lbs. 
per square inch, with an elastic limit of not less than 36 000 lbs. per 
square inch and an elongation of not less than 275^ in 8" length, and a 
reduction of area of 50$^. 

(2) Each and every piece of shape, plate or bar steel shall withstand 
punch and forge tests, as may be sufficient to test the temper, soundness 
of the material, and fitness for service, the tests to be applied to the 
shearings. For metal i" thick or less, a row of i" diameter holes pitched 
li' centers, or a hole pitched }" from edge shall not cause cracks i" 
plates or shapes. Strips cut lengthwise li" wide, heated uniformly 
to a low cherry red, and cooled in water at 82° Fahrenheit, must stand 
bending double, and close down flat under the hammer without crack- 
ing. 

(3) The steel for rivets shall possess an ultimate strength of not more 
than 54000 lbs. per square inch and a reduction of area of 60%, Rivets 
heated to a red heat and upset for 3" of metal shall show (upon cutting 
out) no crystalline appearance. 

(4) During its manufacture, the steel shall be tested under the direc- 
tion of the Chief Engineer for the qualities as specified in the above 
clauses, (i), (2), and (3). The tests shall be made at the mills on and 
with identified specimens cut from finished plates, bars and shapes, and 
no tests shall be made on round specimens except for rivet rod. 

(5) The Chief Engineer reserves the right (at all times) to be present 
at the furnaces and mills, and make such additional tests or examina- 
tions, either physical or chemical, on ingots or finished material as he 
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deems necessary to arrive at a knowledge of the homogeneity and uni- 
formity of the product. All the tests and examinations above enumerated 
shall be made at the expense of the Contractor. 

(6) The Contractor shall not order material until the bills for same are 
approved by the Chief Engineer. The Contractor shall submit in tripli- 
cate, complete, correct and legible bills showing the order numbers, the 
name of the structure for which the material is to be ordered, the fur- 
naces where the ingots are cast, and the mills where the material is to be 
rolled. Should the Chief Engineer approve the bills, two copies of bills 
shall become the property of the Railroad Company, and the third copy 
shall be returned to the Contractor marked with approval and numbers 
of identification. 
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General Design. 

6. For truss bridges over 120-foot span, unless otherwise specified in 
a diagram accompanying letter of invitation, pin-connected bridges of 
the type known as the Pratt Truss are preferred ; and in such trusses^ 
whether deck or through, the angle of inclination of the diagonals to 
the horizontal must not be less than 45 degrees. 

For spans of from 80 feet to 120 feet open riveted girders are pre- 
ferred; for spans under 80 feet, plate girders will generally be adopted; 
and unless otherwise specified, girders shall have parallel flanges and a 
depth of not less than one twelfth of the span. 

7. Gauge of track is 4 feet and 9 inches. Distance from center to 

center of double track is 13 

feet. On straight line a clear 

section as per accompanying 

diagram must be provided for 

a single track. The width 

must be increased so as to allow 

the same minimum clearance 

on curves and on double track. 

8. Half - through girders,. 

whose flanges are less than 4 

feet and more than 2 feet above 

the base of rail, will be spaced so as to give 12 feet clear between the 

flanges ; in other cases, so as to give the clearance required by the above 

diagram. 

9. Deck girders and track stringers will in general be spaced 6 feet 6 

inches apart, center to center. 

10. Continuous girders will not be used except in the case of draw 

bridges. ^ 

Calculation. 

11. The spans assumed for calculation shall be as follows: (i) Be- 
tween centers of end pins for truss bridges; (2) Between centers of 
bearing plates for girder bridges; (3) Between centers of trusses for 
floor beams ; (4) Between centers of floor beams for track stringers. 

12. The depths assumed for calculation shall be as follows: (i> 
Height between centers of chord pins for truss bridges; (2) The dis- 
tance between centers of gravity of flanges in girders, unless that dis- 
tance exceeds that from back to back of flange angles, in which case the 
latter dimension shall be used. 
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13. The dead load will be assumed as uniformly distributed and 
made up as follows : (a) The weight of the iron in the trusses and brac- 
ing, of which one half shall be applied at the panel points of each chord ; 
(^) The weight of the iron floor system, if any, applied at the panel 
points of the loaded chord; (c) A uniform load of 450 pounds per foot 
of track to cover weight of wooden cross ties and guard rails, rails, 
splices, etc.. applied at the panel points of the loaded chord. 

14. All bridges shall be designed to carry (in addition to the dead 
load) a live load of 4000 pounds per lineal foot of track, of which 136000 
pounds is liable to be concentrated on four axles, thus : 
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Fig. 59. 
Or 80000 pounds to be concentrated on two axles, thus : 
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and such concentration to occur either in the middle or at the head of a 
train. 

15. Wind stresses shall be calculated: (i) For a wind pressure of 
thirty (30) pounds per square foot on the exposed surfaces of both 
trusses, and on a moving train surface averaging ten (10) square feet per 
lineal foot of track , (2) For a wind pressure of fifty (50) pounds per 
square foot on tiie exposed surfaces of both trusses, the direction of the 
wind giving the largest surfaces being assumed in the calculations, and 
the greatest results shall be taken in proportioning the parts. 

16, If the bridge is on a curve, the lateral bracing must be propor- 
tioned to resist, in addition to the above pressures from wind, a centrifu- 
gal force equal to three per cent of the live load on all tracks for each 
degree of curvature — stringers being braced laterally, if necessary, to 
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resist the same force. In the case of deck bridges on very heavy curves, 
pjirt of the centrifugal force may be transferred to the bottom lateral 
system. 

17. The end portal bracing in t&rough bridges must be of sufficient 
strength 10 transfer the accumulated wind stress from the upp)er lateral 
system to the end posts ; and the end sway bracing in deck bridges shall 
carry the whole of the accumulated wind and centrifugal stress from the 
loaded chord to the abutment. 

18. Each main panel of deck bridges shall be provided with inter- 
mediate sway bracing rods of a sufficient section to carry half the maximum 
stress increment due to the wind on the train and to centrifugal force. 

Through trusses shall be provided with post brackets at the inter- 
mediate panel points, or if the trusses are of sufficient depth, sway brac- 
ing rods shall be used. 

19. (a) The shipping weights shall not in any case exceed the calcu- 
lated weights by more than two and one half (2}) per cent ; (d) A bar of 
iron I inch square and 3 feet long, and weighing 10 pounds, shall be 
used as the. basis for calculating the weights of all wrought iron. (Two 
per cent shall be added to the above for steel.) 

Unit Stresses. 

20. The maximum and minimum stresses in compression and tension, 
as found for the beforementioned loads, are to be used in determining 
the permissible working stress in each piece of the structure, according 
to the following formulae : 

For pieces subject to one kind of stress only (all compression or all 

tension) : 

a = u{i + r) (I) 

For pieces subject to stresses acting in opposite directions: 

a = u{i — ri) (2) 

In the above formulae, a = permissible stress per square inch, either 

tension or compression ; u = 7500 lbs. per square inch for double-roiled 

iron in tension (links or rods). 7000 lbs. per square inch for rolled iron in 

tension (plates or shapes), 6500 ibs. per square inch for rolled iron in com- 

Min. stress in piece Max. stress of lesser kind 

pression ; r = ; ri = . 

Max. stress in piece 2 x Max. stress of greater kind 

By the term minimum stress, the absolute minimum is understood, and 

not always the dead-load stress simply, i. e., the minimum stress in a 

main diagonal of any panel is the dead-load stress in that diagonal, 

minus the maximum counter stress in the same panel. Any piece in 
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vhich the stress may become less than that due to dead load alone is to 
be similarly treated. 

21. The permissible stress "a** for members in compression is to be 
reduced in proportion to the ratio of the length to the least radius of 
gyration of the section by the following formulas : 

For both ends fixed, d = ?— ; ... (3) 



For one end hinged, d = ^_ ; , . . • (4) 
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For both ends hinged, b = — ; • • • (5) 

i8ooc^3 

•where a = permissible stress previously found; b = allowable working 
stress per square inch ; /= length of piece in inches, center to center of 
<:onnections; g = least radius of gyration of section in inches. Pieces 
in compression which are continuous over points of support are to be 
•considered as *' hinged " at the ends, unless so firmly fixed in direction 
as to be incapable of bending in opposite directions on the opposite sides 
of the points of support. 

22. The permissible stress in short hangers for suspended floors shall 
be limited to 6000 pounds per square inch ; and that in long vertical sus- 
penders in through bridges to 7000 pounds per square inch. 

23. The tension on laterals shall not exceed 15000 pounds per square 
inch; and the compression on lateral struts shall not exceed 12000 
pounds per square inch, properly reduced as specified above (Article 21) 
in proportion to length and least radius of gyration. 

24. The stresses in outer fibers of "/" beams, channels, etc., subject 
to bending strains, shall be calculated from the moment of inertia of the 
section ; and shall not exceed the tensile working stress " a " for rolled 
shape iron. In the compression flange, the stress in the outer fiber shall 
not exceed the above value, a = 7000(1 4- r), reduced in accordance with 
the formula in the next paragraph. 

25. In the case of compressed flanges of beams and girders (subject 
to transverse stress) the permissible working stress in such flanges shall 
be computed by the following formula : 

c= .%-- ; (6) 

5ooozt/ 
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where a = permissible stress previously found ; c = allowable working 
stress per square inch; /= unsupported length of flange in inches; 
7a = width of flange in inches. The top flanges of plate girders shall, 
however, not be made of less gross section than the bottom flanges. 

26. Pins are to be so proportioned that the maximum stress on the 
outer libers (calculated from the cumulative moments of the stresses 
acting in the pieces connected, and the moment of the resistance of the 
pin directly) shall not exceed 15 000 pounds per square inch. 

27. The bearing stress of pins, on a diametrical section of pin holes,, 
shall not be greater than 12000 pounds per square inch. 

28. The shear on net section of any number shall not exceed 75000 
pounds per square inch, and on field-driven rivets in floor-beam or 
stringer connections shall not exceed 6000 pounds per square inch. 

29. Rivets must not have a bearing pressure per square inch against 
the web-plates, on a diametrical section of rivets, of more than 12000^ 
pounds per square inch. 

Minimum Sections. 

30. No iron shall be used of less thickness than three eighths of an 
inch, except in lateral struts, lattice straps, pin plates, and similar details, 
and in special cases of girder flanges, when a minimum thickness of five 
sixteenths of an inch will be allowed. 

31. No iron used in compression shall have an unsupported width of 
more than forty times its thickness. 

32. No lateral or sway rod shall be used having a less section tliua 
one square inch. 

33. The minimum section allowed for any counter rod shall be one 
and one half square inches. 

Details. 

General, 

34. Cross ties shall b** of white oak, having a length of not less than 
ten feet for through bridges, or fourteen feet for deck bridges, and a widih 
of ten inches, and a minimum depth of eight inches, notched down one 
half inch over supports, and spaced fifteen inches apart, center to center. 
When on a curve the outer rail shall be elevated as may be required, by 
using tapered ties, with a minimum thickness over inner stringer of five 
and one half inches, where stringers are spaced standard distance of uix 
feet six inches, center to center. 

In case of bridges with wooden floor beams, when the distance be- 
tween the supports exceeds seven feet six inches, the floor beams or lies 
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shall be proportionately heavier, so as not to exceed an extreme fiber 
stress of 1000 pounds per square inch, under a load of 40000 pounds on 
one axle, supposed to be distributed over three ties at fifteen inches cen- 
ter to center. 

35. Guard rails of long-leaf southern pine, six inches by eight inches, 
are to be placed not less than eleven inches in the clear outside of each 
rail ; to be notched one inch over each cross tie and bolted down at every 
third tie by a three-fourth- inch bolt, with flat rounded head and square 
shoulder one inch long. The heads to be placed upwards, and each bolt 
secured by two hexagon nuts below, with a cast-iron washer clipping the 
edge of stringer or girder flange. Splices to guard rails to be four inches 
long, placed over a tie, with bolt through center of splice. 

Truss Bridges, 

36. Trusses must be so designed as to admit of accurate CHlculation 
of the strains on all members ; the lines of the neutral axis of all mem- 
bers meetmg at a joint must be made, as far as possible, to meet in the 
same point, and connecting pins must be placed as nearly as possible in 
the neutral axis of the sections. 

37. The eyes on all tensile members shall have at least fifty per cent 
excess of material at the pin. 

38. Net sections must be used in all cases in calculating tension 
members of built section, and in deducting rivet holes they must be 
taken one eighth of an inch wider than the diameter of the rivets. 

39. All rods with screw ends must be upset so that the diameter at 
the bottom of the threads shall exceed that in the bodv of the bar, and 
if ordinary nuts are used they must be double. 

40. When the floor system rests directly upon the upper chords of 
deck bridges the said chords shall be so proportioned that the algebraic 
sum of the stresses per square inch on the outer fibers [due, ist, to 
the weight of that part of the floor system which is supported by the 
chord (considered as acting on a continuous beam of a span equal to the 
panel length) ; 2d, to the direct thrust ; and 3d, to three fourths of the 
maximum bending produced by the specified rolling load on a span 
equal to the panel length (considered as a supported beam),] shall not 
exceed 8000 pounds. 

All other members which are subject to direct stress in addition to 
bending moment are to be similarly calculated. 

41. Built chords must be thoroughly spliced, and the splices riveted^ 
not bolted. 
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42. End posts of through bridges must have a continuous cover plate 
on the shore side, and upper chords must in general have 4 continuous 
cover plate on top, the entire width of which must, in both cases, be in- 
cluded in calculating the center of gravity and moment of inertia of the 
section. 

43. Single lattice straps shall have a thickness of not less than one 
fortieth (^), and double straps connected by a rivet at the intersection of 
not less than one sixtieth (^) of the distance between the rivets con- 
necting them to the compressed members; and their width for channels 
or equivalent built sections shall be : 

For 15- and 12- inch channels, j^-inch rivets, 2^ inches width. 

** 15- " 12- ** " f- " " 2 J " " 

*• IQ. ♦* Q. ** •• A- *• " 24- ** '* 

" 8- " 6- " *' J- " '* 2 " •* 

•* 8- *• 6- " ** -fr- *• " if " " 

The distance between the connections of the strapping shall be such 
that the individual members composing the column, considered with 
hinged ends and a length equal to the distance between the connections, 
shall be stronger than the columns as a whole; and in no case shall this 
distance exceed eight (8) times the least width of these members. 
Double lattice bars must always be riveted together. 

44. All segments of members in compression connected by strapping 
only shall have terminal cross-bracing plates at each end, the rivets and 
net section of which (considering that all -the plates act together) shall 
be sufficient to transfer the whole maximum sti'ess borne by the segment, 
and the thickness of which shall not be less than one fortieth (^) of the 
distance between the rivets connecting them to the compressed members. 

45. The rivets must be kept a sufficient distance from the sides and 
ends of pieces to avoid all danger of splitting out, and must not be 
placed closer than three diameters, center to center. 

46. In members subject to compression, rivets shall be spaced not 
further apart in the direction of the stress than six (6) inches, or than 
sixteen (16) times the thickness of the thinnest external plate connected, 
and not further apart than forty (40) times that thickness at right angles 
to the direction of stress. 

47. Pin plates must have rivets sufficient in number and size to prop- 
erly distribute the bearing stress from the pins to the members of which 
they form a part. 
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48. In every case the connections between the wind bracing and the 
chords must be made of greater strength than the wind bracing itself, 
and so designed as to avoid, as far as possible, inducing bending moments 
in any members of the structure, and such connections must be capable 
of transferring the longitudinal components of the stresses into the main- 
truss chords in a direct and satisfactory manner, or a separate chord 
must be used for the lateral system. 

49. In case the maximum stresses in the chords of the bridge or 
flanges of floor girders due to wind and centrifugal force (the chords 
and lateral bracing being considered as a truss lying on its side), added 
to the maximum stresses in the chords or flanges due to vertical load- 
ing, shall exceed the beforementioned limits of 15 000 pounds per square 
inch in tension and 12000 pounds per square inch in compression, prop- 
erly reduced, additions must be made to said chords or flanges until 
such limits are not exceeded. 

50. Should the stresses m said chords be reversed in any possible 
case, proper provision must be made for such stress in an opposite direc- 
tion. 

51. Truss bridges are to be cambered by increasing the length of the 
top chord one eighth (i) inch for every ten (10) feet of span. 

52. Trusses must be secured from side or vertical motion on bearing 
plates, and must have ample bearing and roller support, the weight on 
the rollers not to exceed 500 4/^ pounds per lineal inch, d being the 
diameter of rollers in inches. The bolster blocks must be joined to the 
truss. The bearing plates must be secured to the underlying supports 
by bolts or dowels. Bearing plates shall not give a greater pressure on 
masonry than 200 pounds to the square inch, except in specially author- 
ized cases. Where two spans rest upon the same masonry, a continuous 
wrought'iron plate shall extend under the two adjacent bearings. 

/^late Girders. 

53. No allowance shall be made for the web in calculating the flange 
sections of plate girders. 

54. Flanges of plate girders running over 12 inches in width, or pro- 
jecting more than 3 inches beyond the edges of the flange angles, shall 
have at least four lines of rivets. 

55. At least one upper flange plate shall extend from end to end of 
all plate girders, except in the case of short deck girders, where only one 
upper flange plate less than } of an inch thick is required. In general, 
any plates used to make up eitiier upper or lower flange section shall 
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be made of such length as to admit of at least two rows of rivets of the 
1 regular pitch at each end of the plate beyond the theoretical point required. 

56. All flange plates subject to either tension or compression, spliced 
in the length of the girder, must be covered by an amount of extra ma- 
terial equal in section to the pieces spliced, with sufficient rivets on either 
side to transmit the stresses from the parts cut. 

57. Flange angles must be spliced with angle covers whenever cut 
within the length of the girder, unless the flange plates alone give suffi- 
cient section at that point. 

58. Whenever the unsupported distance between flange angles ex- 
ceeds fifty times the thickness of the" web, vertical stifleners shall be 
riveted to each side of the web. Through the middle half of the span 
they shall be placed at distances equal to about 4 feet, or to the depth 
•of the girder where that exceeds 4 feet, gradually reducing to half that 
distance at the ends. Stifleners shall be placed at all points of concen- 
trated loading, and over both ends of bearing plates. 

59. Rivets in compression flanges must not be placed further apart 
in the direction of stress than 6 inches, nor more than sixteen times the 
thickness of the thinnest external plate connected, and not more than 
thirty times that thickness at right angles to the direction of stress. 

60. The minimum distance between centers of rivets shall be three 
times their diameter, and the minimum distance from the center of any 
rivet hole to the edge of any piece shall be i J inches, except in cases of 
pieces less than 2| inches wide. Whenever practicable it shall be not 
less than twice the diameter of the rivet. 

6r. In calculating the shearing stress and bearing stress of web rivets 
•of plate girders, the whole of the shear acting on the side of the panel 
next the abutment is to be considered as being transferred into the 
flange angles in a distance equal to the depth of the girder. 

62. Plate girders must be provided at one end with planed sliding 
bearings, allowing for a variation of 150 degrees Fahrenheit, and soar- 
ranged as to prevent lateral motion. Where two spans rest upon the 
same masonry, a continuous wrought-iron plate shall extend under the 
two adjacent bearings. 

Iron Trestles and Piers, 

63. In case of trestles or iron piers, they shall be proportioned for 
Areriical load under the same limiting stresses given for trusses; and for 
vrind stresses and centrifugal stresses, loading and bedding combined, 
the stresses shall not exceed those given for lateral bracing. 
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64. In addition to the above, the structure shall be capable of resist- 
ing wind pressure on its exposed surface alone of 50 pounds pec square 
foot, without exceeding the limiting stresses for lateral bracing. 

65. Tension from wind pressure at the foot of any column is to be 
avoided, if possible ; and in any case approved anchor bolts, well secured 
in the masonry, shall be used. 

66. Each pier, tower or group of trestles shall have longitudinal 

.bracing capable of resisting, with the same limiting stresses as for lateral 

bracing, one fifth of the maximum train load upon it and upon so much 

of the superstructure as is connected with it, up to the nearest expansion 

joint on either side. 

Quality of Material. 

67. All wrought iron must be tough, fibrous, uniform in quality 
throughout, free from flaws, blisters and injurious cracks and must 
stand the following tests : 



i 



Tensile Tests. 



Kind of Material. 



Bar iron up to 4} sq. 
in. sec 

Bar iron over 4^ sq. 
in. sec 

Channel iron 

I beam 

Angles 

Other shapes 

Plates 18 in. and un- 
der 

Plates 18 in. to 36 in. 

Plates 36 in. to 54 in. 

Over 54 in . . 



6 



26000 

26000 
26000 
26000 
26000 
26000 

26000 
26000 
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a 
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•M^ 





000 
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^ ^ 
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•^ 


V e 





y 


9 


&'= 


•8 


0. 


p< 



50000 

48000 
48000 
48 000 
48000 
48000 

48000 
48000 
25000; 46000 



25000 



46000 



15 

15 
15 
15 
15 
15 

15 

12 
10 

8 



Cold Bending Tests. 



o 

< 



20 

20 
2Q 
20 
20 
20 

20 
16 
10 

8 



180" 

i8o° 
160'' 
160' 
140** 
120° 

160" 
100" 

90^ 



Diameter of Cylinder 

around which Specimen 

is bent. 



Thickness of piece 



II 



«» 



<i 



« t 



If 



II 



Twice thickness of piece 



It 



II 



« t 



«i 



If 



II 



II 



II 



All rolled material with rough edges will be rejected. 

68, All iron to be used in tensile members of open trusses, laterals, 
pins, bolts, etc.. must be double rolled after and directly from the muck 
i)ar. No scrap will be allowed. 
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69. All rivet iron must be tough and soft, and pieces of the full 
diameter of the rivet must be capable of bending until the sides are in 
close contact, without showing fracture on the convex side of the curve. 

70. Rivet iron shall be subject to the same requirements as tension 
iron, and shall further be capable, without cracking or serious abrasion, 
of being heated to a good forging heat, made up into rivets, allowed to 
cool, reheated and driven as in riveting, again cooled, nicked and cut 
out. when it must show a good tough fibrous structure without any crys- 
talline appearance. 

71. Pins of four and one half inches diameter or less may be rolled 
iron, but those of greater diameter must be forged. 

72. All plates, angles.etc, which are to be bent in the manufacture must^ 
in addition to the above requirements, be capable of bending sharply to 
a right angle, at a working heat, without showing any signs of fracture. 

73. AH tension tests are to be made on a standard test piece, of one 
and one half inches in width and from one fourth to three fourths' inches 
in thickness, planed down on both edges equally, so as to reduce the 
width to one inch for a length of eight inches. Whenever practicable 
the two fiat sides of the piece to be left as they come fron) the rolls. In 
all other cases both sides of the test pieces are to be planed Off. 

74. Test specimens of either iron or steel must not be annealed, 
heated, hammered, forged or otherwise treated, except where specified 
in the contract, but shall fairly represent the quality of the material to be 
tested. 

75. All facilities for inspection, testing and weighing shall be fur- 
nished by the Contractor free of charge, and each finished member shall 
be weighed separately. 

'jd. When tested to the breaking, if so required by the Engineer, the 
rods and bars must part through the body and not through the head or 
pin hole. If these tests prove satisfactory the Contractor shall be remu- 
nerated at the contract price per pound less the scrap value of material 
destroyed. 

IT, The acceptance of any material or finished member by the inspect- 
ors shall not prevent subsequent rejection of same, if found defective 
after delivery, or erection, and the Contractor shall replace the rejected 
material or member without extra compensation. 

Workmanship. 

78. All workmanship must be first class. AH abutting surfaces, 
except flanges of plate girders, niust be planed or turned so as to insure 
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even bearings, taking light cuts so as not to injure the end fibers of the 
piece, and must be protected by white lead and tallow. Abutting sur- 
faces must be brouglit into close and forcible contact when fitted with 
splice plates, and the rivet holes reamed in position before leaving the 
works ; the plates being marked so as to go in same position in erecting. 

79. Generally the use of bolts instead of rivets will not be permitted, 
unless they are turned conical and the holes drilled while the connecting 
pieces are held together. 

80. Rollers must be turned and roller beds planed. 

81. Rivet holes must be carefully spaced and punched, and must in 
all cases be reamed to fit where they do not come truly and accurately 
opposite without the aid of drift pins. Rivets must completely fill the 
holes and have full heads, and be countersunk when so required, and 
machine driven wherever possible. All holes for floor beams and stringer 
connections must be accurately drilled to an iron templet. 

S2. Compression members must be straight and free from kinks or 
buckles in the finisiied piece. 

83. All pin holes in pieces which are not adjustable for length must 
be accurately bored at right angles to the axis unless otherwise shown 
in the drawings, and no variation of more than one sixty fourth of an 
inch will be allowed in the length between centers of pin holes. Eye- 
bars must be perfectly straight before boring and the holes must be in 
the center of the head, and on the center line of the bar. Whenever 
links are to be packed more than one eighth of an inch to the foot of 
their length out of parallel with the axis of the structure, they must be 
bent with a gentle curve until the head stands at right angles to the pin 
in their intended position before being bored ; suitable blocking pieces 
being used to keep them in proper position during the operation of 
boring. All pieces must be at equal temperatures when bored, and those 
belonging to the same panel, when placed in a pile must allow the pin at 
each end to pass through at the same time without forcing. Pins must 
be carefully turned, perfectly finished and straight, and when driven in 
must have pilot nut to preserve thread. No variation of more than 
one thirty-second of an inch will be allowed between the diameter of 
pin and pin hole. In the case of bolts, a variation of one sixteenth of an 
inch will be allowed between the diameter of bolt and hole. Thickening 
washers must be used whenever required to make joints snug and tight. 

84. All iron must receive one coat of linseed oil as soon as received 
at the works, and a coat of approved red oxide of iron before leaving 



342 A HALF-THROUGH SKEW LATTICE BRIDGE. CHAP. XIIL 

the works, and two coats of approved color and composition after erec- 
tion. All inaccessible surfaces are to be painted one heavy coat of red 
oxide of iron in pure linseed oil. All iron to be scraped clean from 
scale before painting. No painting to be done in wet or freezing 
weather. 

85. The whole of the construction to be first-class work, and in 
jitrict accordance with the drawings and these specifications, and accept- 
able to the Engineer Maintenance of Way. In the case of subcontract- 
ors, the specifications are fully binding on them in every respect, and 
free access and information is to be given by them for thorough inspec- 
tion of material and workmanship, and all required test pieces, etc., 
properly shaped are to be provided as may be requested without charge. 
All shipments of material not properly inspected and passed are at the 
risk of the Contractor. 

86. Unless otherwise specified in the contract, the Contractor shall 
furnish all falsework, arranging the same so as not to obstruct any 
thoroughfare by land or water; shall erect and adjust all iron work, and 
put in place all floor timbers and guards ready for the rails; shall so 
conduct the work of erection as to not impede the operation of the rail- 
road, and shall assume all risks of accident to men or material until the 
acceptance of the completed structure by the Railroad Company. 

Alternative Use of Steel. 

87. Steel of sucii quality as to comply with the tests given below may, 
with the approval of the Engineer Maintenance of Way. be substituted 
for wrought iron in any part of the structure, with an allowance of 
twenty (20) per cent in the working stresses above those given for 
wrought iron, but substituting for the formulae for compression members 
in paragraph 21 the following formulae : 

For both ends fixed, b = ; .... (7) 

I + 

27 oo<^* 

For one end hinged. ^= ; .... (8) 



I + 



iSooq^'-* 



For both ends hinged. ^= ; .... (9) 

I + 



i3 5«¥' 

and subject to the following provisions in addition to the foregoing 
specifications : 
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88. All holes. shall ti% drilled, or if punched must be punched at 
least one eighth inch smaller than the required size, and reamed out so 
as to remove all the sheared surface. Any sheared edges of plates or 
angles must similarly be planed off to a depth of one fourth inch. 

89. Steel rivets shall be used for all riveted members of steel. 

90. Steel shall have an ultimate strength of not less than 60600 
pounds per square inch, and not more than 70000; an elastic limit of 
not less than 35000 pounds per square inch, a minimum stretch of 22 
per cent, and a reduction of area of 40 per cent after breaking in a length 
of eight inches. Shall bend through 180° on itself without fracture. 
Fractures must always be silky and ductile in appearance. 

91. Full-sized bars tested to breaking must have an ultimate strength 
of at least 56000 pounds per square inch, an elastic limit of at least 
33000 pounds per square inch and a minimum stretch of ten per cent. 

92. Rivet steel shall have a tensile strength of from 52 000 to 60000 
pounds per square inch, with an elastic limit of not less than 30000 
pounds and a minimum stretch of twenty-five per cent in eight inches. 
It shall be capable of bending double closely without showing fracture 
on the convex surface of bend, and after being subjected to the same 
practical test as iron rivets it shall show a good tough silky fracture, 
with no crystalline appearance. Rivet steel shall especially be required 
to be neutral in character, pure in composition, flow well in, and be 
tough and silky after riveting. 

93. All steel bars must be properly annealed, and steel eyebars shall 
have at least 33 per cent excess of material through the eye. 

94.. A variation of more than two and one half (2^) per cent in the 
weight or cross section of the rolled material from that specified will be 
cause for rejection. 

95. All rolled material with rough edges willbe rejected. 

96. Each ingot shall be plainly marked with the blow or charge num- 
ber, and afterwards this number shalf be stamped near the middle of 
each piece of finished material rolled from it, 

97. Drifting tests shall be made of each varying size of plates and 
angles by punching a three-quarter (f) inch hole, one and one half (li) 
inches from the ed«;e. and shall be proved capable of having these holes 
expanded by means of a sledge or a drift pin until the holes become one 
and one half (li) inches in diameter without fracturing the steel. 

98. Any material not answering the above requirements will be abso- 
lutely rejected, as the figures given are the lowest that will be accepted. 
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Art. 105. Design of the Floor System. 

The floor stringers are four in number in each panel, their 
length being 19 feet 7 inches. The weight of the track coming 
on each was taken at 4500 pounds, and the weight of the 
stringer itself as 3000 pounds. The bending moment due to 
the dead load is then 220 300 inch-pounds, and that due to the 
live load 2 145 700 pounds. The depth being assumed as 31.7 
inches, this gives a flange stress of 74 700 pounds. The unit 
working stresses being 7650 and 7010 pounds per square inch 
for tension and compression respectively, the gross section 
required for the upper flange is 10.7 square inches, and the net 
section for the lower flange is 9.8 square inches. Accordingly 
the flanges of the stringers were made of two angles S X 4 X H 
inch, which gives a gross section of 1 1.7 and a net section of 
10.5 square inches. 

The maximum shear on the stringer due to both dead and 
live load was found to be 47000 pounds, and the allowable 
stress being 7020 pounds per square inch the section required 
is 6.7 square inches, which is provided by a web plate 33^ X f 
inch; this gives a net section of 8.7 square inches after de- 
ducting rivet holes. The web is stiffened by four pairs of ver- 
tical stiffeners made of angles 3i X 3i X I inch, with fillers 
3* X H »"ch. 

Owing to the curvature of the track the stringers are not 
spaced symmetrically with respect to the center line of the 
bridge, but, as seen on the ercttion diagram in Plate IX, one of 
the outer stringers is 5 feet 4 inches from the center of the 
truss, while the other is 6 feet 2 inches, and the distances apart 
are 6^ feet. 

The total maximum load on a floor beam, 250000 pounds, 
is concentrated at the four points of junction of the stringers* 
Let a, b, c and d be these points, a being 5 feet 4 inches from 
the truss A, and d being 6 feet 2 inches from the truss B. The 
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maximum bending moments at a, b^ Cy d are found to be 
3212800, 13356000, 13616400 and 9003600 inch-pounds. 
The depth between backs of flange angles being taken as 42^ 
inches, the maximum flange stress is 320 400 pounds. Using 
unit stresses of 7430 for compression and 8060 for tension the 
gross and net flange sections are 43.1 and 39.7 square inches. 
The flanges are then made by two angles 6 X 4 X J inch, one 
cover plate 12 X } inch and three cover plates 12 X -J-J- inch, 
which furnish 48.3 square inches gross and 39.7 net. The first 
cover plate extends the entire length of the floor beam, but 
the others are 24^, 21 and 15 feet in length. 

The maximum shear on the floor beam is found to be 
128 400 pounds at the end A and 121 dpo pounds at the end 
/>'. The working stress being 7490 pounds per square inch the 
section required is 17.1 square inches, which is provided by a 
web plate 42 X \ inch. The two short end floor beams which 
have one. end resting upon the abutments are made of the 
same depth but lighter, the web being f inch thick. The 
horizontal diagonals connecting the stringers of each track, 
shown ia. outline on the erection diagram, consist of angles, 
each being 3i X 3 X f inch, thus forming a stiff bracing. 

Art. 106. Design of the Trusses. 

The diagrams on Plate IX show that the truss is unsym- 
metrical, there being 7 panels, each 9 feet 9J inches long, and 
one end panel of 13 feet 2\ inches. The weight of the track 
was taken at 900 pounds per linear foot, the floor at 1250 and 
the trusses also at 1250. The dead loads per panel per truss 
at the points Z,, Z,, Z,, Z^, etc., on the lower chord are 18000 
pounds, 6000, 28 000, 6000, etc. The live load is taken as in 
paragraph 14 of the specifications. The following table gives 
the stresses computed from these loads for a few members, the 
letters f/,, £/, and f/, denoting the panel points on the upper 
chord vertically above Z,, Z, and Z,. The last two columns 
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give the permissible working stresses per square inch as re- 
quired by parapraphs 20 and 21 of the specifications. 



Member. 


Dead-load 
Stress. 


Live-load Stress. 

• 


Permissible Unit Stress. 


Tension. 


Compression. 


a 


b 


UUt 


4- 83000 
+ 103 400 
4- 141 000 

— 99 000 

— 103 400 

— 141 000 

+ 35900 
+ 27300 

+ 22 700 

— 27300 

— 22 700 


+ 187 coo 
+ 232 300 

+ 322 800 

+ 75 200 
+ 70400 
+ 70400 
+ 2 500 
+ 2 500 


— 223 000 

— 232 300 

— 322 800 

— 2 500 

— 2 500 

— 70400 

— 70400 


9150 

9 160 
9130 
8 500 
8 500 
8480 
7 000 

8750 

7 820 

8 130 
7 260 


8300 
8420 
8400 

7 200 
6490 



The sectional areas of the members are now derived by 
dividing the maximum stresses by a for tension and by b for 
compression. The truss is of the riveted type throughout and 
hence the gross sections for the tensile members must be suf- 
ficient to give net sections equal to the computed ones after 
subtracting the metal cut out by rivet holes. For example, 
the lower chord, L^L^y consists of two web plates 20 X f inch^ 
four angles 5 X 4 X ^ inch, and two cover plates 12 X | inclu 
making a gross section of 49.0 square inches, while the net sec- 
tion required by the maximum tension is only 36.6 square 
inches, the difference being more than sufficient to allow for the 
rivets in any vertical plane. 

The arrangement of the splices and the joint connections is 
especially commended to the student as an excellent example 
of riveted design. The point where the members intersect at 
any joint is seen to be the intersection of lines through the 
centers of gravity of the sections, thus avoiding secondary 
stresses. Each truss was riveted in the shop and shipped in 
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one piece. On the vertical Z, C/, are seen the holes for field 
rivets for the attachment of the floor beam and knee brace, 
and on the tie plate A^ are the holes for the attachment of the 
lateral brace. The weight of the bridge, exclusive of track, is 
2936 pounds per linear foot. 

Art. 107. A Through Skew Riveted Bridge. 

In Fig. 61 are shown the skeleton outlines of Bridge No. 
51 on the Norfolk and Western Railroad, built in 1892 by the 




Phoenix Bridge Company. It is an excellent example of a 
high lattice through bridge with unsymmetrical trusses to 
provide for the skew. Although the general plan is not here 
given, the following description and dimensions will be of inter- 
est and value. The specifications under which it was erected 
were those in Art. 104. 

The span of the trusses is 100 feet from center to center of 
bearings, and the depth is 25 feet between chord centers. 
The panels L^L^ and L^L^ are 25 feet long, while Z,Z, is 31.25 
feet and L^L^ is 18.75 ^^^t- The width between truss centers 
is 17 feet, the single track crossing the bridge being on a 
4-degree curve. The dead load for computing stresses was 
taken as 1750 pounds per linear foot. 

In the following table are given the maximum stresses in 
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pounds due to dead, live and wind loads {^^\ 13-15 of the 
specifications) for the main truss and lower laterals, together 
with the net areas of the cross sections in square inches, and a 
statement of the plates and angles which make up the section. 



Members. 


Stresses. 


Nel Sections 


JL^Lx 


126 000 


14.40 


uu 


000 


14.40 


UiUt 


151 200 


26.82 


UxU 


158 300 


26.82 


UtU 


164 500 


26.82 


UxU 


80 950 


11.45 


UxU 


4440 


9.70 


UxU 


88000 


11.45 


uw 


38 500 




uw 


27 200 




uw 


16 200 





c 



Make up. 
webs 12' X I" 
angles 3' X 3", 21 lbs. per yard 

1 cover 15" X f ' . 2 webs 12" X |" 

2 angles 3" X 3", 21 lbs. per yard 
2 angles 5" X 3", 40 lbs. per yard 
4 angles 5" X 3". 33 lbs. per yard 
4 angles 5" X 3"* 28 lbs. per yard 
4 angles 5" X 3". 33 lbs. per yard 
2 angles 4" X 3i"« 26^ lbs. per yard 
2 angles 4" X 3"> 24^ lbs. per yard 
I angle 4'' X 3i"» 26^ lbs. per yard 

The track stringers, which are 28 inches deep, are spaced 
6i feet apart, and braced together by lateral struts and 
diagonals. Those on the outside of the curve are slightly 
heavier than the inside ones. For the two center panels the 
flange stress is 135 150 pounds on the outside stringers and 
129400 pounds; while 152 700 and 117 000 are the stresses for 
the long and short stringers in the end panels. The inside 
stringer in the center panels has one web 27} X iV >i^ch, 4 
angles 6x6 inches and 57 pounds per yard, and a top and 
bottom cover, each 14 X f inch and 19 feet long. For the 
other stringers the thicknesses of the plates and the angle 
weights are varied according to the stresses. 

The floor beam is 33 inches deep and its maximum flange 
stress is 144700 pounds. It is made up of a web 33 X i inch, 
four 63-pound angles 6x6 inches, and a top and bottom cover 
14 X fi inch and 13J feet long. 

The cross ties are notched over the stringer and ever>' 
fourth one is clamped by bolts whose nuts catch under the 
flanges. The ties are 7f inches wide and are laid about 4 
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inches apart. The depth of the ties ranges from 11 to 6 
inches, each being cut so as to give the requisite elevation to 
the outer rail. Guard timbers 6x8 inches are bolted upon the 
ties ; these are of long-leaf southern pine, while the ties are of 
ivhite oak. 

The specifications of the Norfolk and Western Railroad for 
1894 are the same as those printed in Article 104, with the ex- 
■ception that in paragraph 84 the words ** red lead and oil,'* 
have been substituted for " red oxide of iron," and the words 
" approved red lead and linseed oil " for ** red oxide of iron in 
pure linseed oil/* 
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CHAPTER XIV. 
A PONY LATTICE BRIDGE: PENCOYD BRIDGE COMPANY.* 

t 

Art. io8. Description. 

Plate X shows the strain sheet and Plate XI the general 
plan of a pony riveted lattice bridge built in 1892 by the Pen- 
coyd Bridge and Construction Company for the Missouri, 
Kansas and Texas Railway. 

The bridge is 102 feet i inch in span between centers of 
end pins, having seven panels, each 14 feet 7 inches long. The 
depth of the truss is 12 feet for the three middle panels, and 8 
feet 6 inches at the first panel point, the general type being 
that of the bowstring truss. The bridge is for a single track, 
the width between centers of trusses being 16 feet 9 inches. 
The drawings give the dimensions of all the main members 
and of most of the details, while the strain sheet indicates the 
computations for most of the principal members. 

As an excellent example of a riveted structure this bridge 
will prove of special advantage to the student. The members 
meeting at any joint are seen to be so arranged that the lines 
through their centers of gravity intersect at the same point, 
thus avoiding the secondary stresses which are frequently an 
objection in riveted work. All the web members are arranged 
to take compression as well as tension. The stringers are 
spaced 7 feet 6 inches apart, thus avoiding the direct shock 
which comes upon them when placed directly under the rails. 

* The data and drawings for this chapter were furnished by Charles C 
Schneider, M. Am. Soc. C. E., Chief Engineer of the Pencoyd Bridge and 
Construction Company. 
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The stiff lateral system connecting the lower chords is far 
more effective in preventing vibration in a bridge of this span 
than a system of adjustable rods. The rigid connection of the 
floor beams to the verticals, together with the knee brace, 
secures the truss itself against oscillation. 

A truss of this type with slightly shorter span and less 
depth might be entirely riveted in the shop and shipped in one 
piece, as was done for the lattice truss in Chapter XIII. In 
this case, however, the members were riveted together in the 
field, the black holes on the drawing indicating the field rivets. 

Art. 109. General Conditions. 

The bridge here illustrated was one of 24 spans, erected in 
1892. Proposals were invited in 1891 by the railway company 
on the four following plans : 

1st. As per design furnished by Railway Company; esti- 
mated weight, price per pound, and amount for each span 
shown separately, erected in place by Contractor. 

2d. Bidders* design ; estimated weight, price per pound 
and amount for each span shown separately, erected in place 
by Contractor. 

3d. As per design furnished by Railway Company ; price 
per pound delivered f.o.b. Hannibal, or on line of M.» K. & 
T. Ry. Railway Company to do the erecting at its own cost, 

4th. Bidder's design ; price per pound delivered f.o.b. 
Hannibal, or on line of M., K. & T. Ry. Railway Company to 
do the erecting at its own cost. 

The delivery of the 24 spans was required to commence by 
March i, 1892, and continue as fast as needed for erection, and 
all work to be completed by December i, 1892 ; or, if purchased 
f.o.b., to be delivered as above stated, and all spans delivered 
by September i, 1892. 

The following conditions were also stated in extension or 
modification of the general specifications of 1889, which appear 
in Art. l lO : 
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Truss panels in no case to exceed 25 feet in length. 
» Odd number of panels preferred. 

Beam hangers with nuts not allowed. 

All floor systems to be made as shallow as possible to avoid 
change of grade and give ample waterway. 

All eyebars to be upset. 

Railway Company will furnish all substructures and put in 
and remove all lower falsework, take down old span, furnish 
and put down ties and guard rails, do all painting after delivery, 
and furnish free transportation for men and tools over line (rf 
road or branches, and material from Hannibal (or other station 
on this line) to bridge site. 

Where ** Receivers " appear in the specifications the same 
will be understood to mean Railway Company. 

Compression flanges in plate girders shall be made of the 
same gross section as the tension flanges. 

In laterals and counters the area at root of threads to be 
made not less than 20 per cent in excess of bar or rod. All 
screw ends to be upset without welds. 

Sleeve nuts not allowed, preference being given to the 
Cleveland turnbuckle. 

Suspension posts at end of span preferred to eyebars. 

The qtrestion of'open-hearth or other steel will be taken up 
at time of making contract ; also steel rivets. 

Each bidder must understand that he is to protect and in- 
demnify the Railway Company for any liability which may be 
claimed by any party on account of any patent rights connected 
with any of the materials or designs used in the performance 
of the work contemplated by and embraced in his proposal. 

Foremen of erection and others, when found unsatisfactory 
to the Superintendent of Bridges and Buildings, are to be 
removed and their places filled by satisfactory men. 

Art. 1 10. General Specifications fOr Iron and Steel 
Bridges: Missouri, Kansas and Texas Railway 
Company. 

The bridges to be single-track structures if not otherwise specified. 
In all through bridges the clear width shall not be less than 15 feet; for 
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double-track bridges it shall be 27 feet, and the distance from center to 
center of tracks will be 13 feet. All through bridges or overhead struct- 
ures shall have a clear head room of 21 feet 4 inches above base of rails 
in track. 

All parts of the structures to be either wrought iron or steel, with the 
exception of ties and guard-rail timbers. The eyebars and pins only- 
shall be of steel. 

The ties and guard-rail timbers will be furnished by these Receivers^ 
The guard rail shall be 5i x 8 inches, laid flatwise, notched i^ inches. 
over every tie, spaced 8' 8" from centers, and must be fastened to every 
other tie and at each splice with |-inch bolts. Ties will be 7J inches 
wide, 9 inches high and 12 feet long, spaced 15 inches between centers,, 
sized down to 8^ inches over track stringers, and every foifrth tie will be 
fastened to stringer by }-inch hook bolts. On curves the outer rails 
must be elevated ^ inch for each degree of curve, the elevation to be 
framed in the ties, as no shims will be allowed. 

Unless otherwise specified the form of bridge trusses may be selected 
by the bidder, but it is desirable that all through bridges shall be built 
with inclined end posts. All parts of the structure shall be so designed 
that the strains coming on them can be accurately calculated. In com- 
paring the submitted proposals of a structure, the cost to these Receivers 
of the required masonry or change in the structure of existing work will 
be taken into consideration. All proposals shall be accompanied by 
complete strain sheets and such details as will clearly show the dimen- 
sions and sectional area of ali parts; also modes of construction. Upon 
the acceptance of a proposal, a full set of working drawings must be sub* 
mitted for approval by the Superintendent of Bridges and Buildings of 
these Receivers before any part of the work can be commenced. The 
Contractor shall furnish a complete set of working drawings of the 
structure free of cost. 

Data for Calculating Strains. 

In calculating strains the length of the span shall be understood to 
be the distance between the centers of end pins for trusses, and between 
centers of bearing plates for all beams and girders. 

All parts of the structure shall be calculated for the strains produced 
by the following loads : First. The entire weight of iron or steel in the 
span. Second. A floor load of 400 pounds per lineal foot of track, con- 
sisting of the rails, ties and guard-rail timber. Above two items, taken 
together, shall constitute the " dead load." 
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The " moving " load to consist of two engines coupled, followed by a 
freight load of 3000 pounds per lineal foot of bridge, as per diagram 
showing distribution of weight. [See Plate X.] 

The maximum strains due to all positions of the moving loads and 
the dead load shall be taken to proportion the parts of the structure. 

Wind strains and vibrations must be provided for by proportioning 
bottom laterals in through bridges and top laterals in deck bridges to 
resist a lateral force of 450 pounds per lineal foot of the span. Top 
laterals in through bridges and bottom laterals in deck bridges to resist 
a lateral force of 150 pounds per lineal foot. 

For structures on curves, the additional effect due to the centrifugal 
force of the trains shall be considered, and also variations in tempera- 
ture to the extent of 150 degrees Fahrenheit shall be provided for. 

Proportion of Parts. Wrought Iron. 

The parts of the structure shall be so proportioned that the maxi- 
mum loads shall not cause a greater tension per square inch of area than 
the following : . 

On bottom chords and main diagonals 10 000 pounds. 

On counters and long verticals 8 000 " 

On laterals 15 000 

On floor-beam hangers (bar iron with forged ends) 6000 

" (plates or shapes), net section 5 000 

On bottom flange of riveted cross girder, net section 7 000 

On bottom flange of riveted longitudinal girder, 20 feet 

long and under, net section 7 000 

On bottom flange ol riveted longitudinal girder over 20 

feet long, net section 8 000 

On solid rolled beams, used for floor beams or track 

stringers 8 000 

Compression members must be so proportioned that the maximum 
load shall in no case cause a greater strain than that determined by the 
following formula : 

r> 8000 

q r« 

in which P = the allowed compression per square inch of cross section, 
/= length of the member in inches, r = the least radius of gyration of 
the section in inches, and ^ = 40 000 for square ends, ^ = 30 000 for one 
square and one pin end, and q = 20000 for pin bearings. 
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No compression member shall have a length exceeding 45 times its 
3east width. Lateral struts shall be proportioned by the above formula 
to resist the result due to an assumed initial strain of 10 000 pounds per 
■square inch upon all the rods attaching to them, produced by adjusting 
the bridge. 

The compression in beams and girders shall not exceed per square 
inch of cross section th^ following limits: 

In rolled beams, used as floor beams and stringers 8000 pounds. 

In riveted plate girders, used as floor beams, gross section 7000 •' 

In riveted longitudinal plate girders over 20 feet 7000 " 

In riveted longitudinal plate girders 20 feet long and under 6000 " 

Members subject to alternate strains of tension and compression 
must be proportioned to resist each kind of strain, and both of the 
strains shall be considered as increased by an amount equal to } of the 
least of the two strains, for determining the sectional areas by the above 
■allowed strains. 

The shearing strain per square inch on rivets and bolts connecting 
the parts of any member must not exceed 6000 pounds, nor the pressure 
upon the bearing surface exceed 12000 pounds, per square inch of the 
projected semi-intrados (diameter x thickness of piece) of the rivet or 

t 

»bolt hole. In the case of field riveting the above limits shall be reduced 
•one fourth part. 

Pins shall be so proportioned that the shearing strain shall not 
■exceed 7500 pounds per square inch, the crushing strain upon the 
projected area of the semi-intrados of any member connected to the pin 
shall not be greater than 12 000 pounds per square inch, and the bending 
strain must not exceed 15000 pounds per square inch, when the centers 
of bearings of the strained member are taken as the points of application 
of the strains. 

In case any member is subjected to a bending strain from its own 
weight or from local loads, in addition to the strain produced by its 
position as a member of the truss, it must be proportioned to resist the 
combined strains. 

Plate girders shall be proportioned upon the supf>osition that the 
bending or chord strains are resisted entirely by the upper and lower 
flanges, and that the shearing or web strailis are resisted entirely by the 
web plates. The iron in the web plates shall not have a shearing strain 
over 4000 pounds per square inch, and no web plate shall be less than 
I inch thick. 



356 A POxNY LATTICE BRIDGE. CHAP. XIV, 

Single-track deck-plate girders to be spaced 7 feet between centers; 
cross ties will be 7 x 9 inches by 10 feet, spaced 15 inches from centers, 
notched down to 8^ inches at ends of girders. Through girders with 
iron floor beam and track stringers shall be spaced 13^ feet from centers, 
track stringers 7 feet between centers, cross ties the same as for deck 
girders. Through plate girders to be stayed by gusset plates at each 
floor beam or transverse strut. 

All web plates shall have stifTeners at the bearing plates and at inter 
vals about the depth of the girders whenever the shearing stress per 

square inch of web exceeds ^ , , , , in which d = clear depth 

• + — tI 

3000 ( / ) . 

between flange angles and / = thickness of web. All joints in the web 
plate to be spliced by a plate not less than \ inch thick, on each side of 
the web. 

Full allowance shall be made* for reduction of section, by rivet holes, 
screw threads, etc., in all members subject to tensile strains. 

[For allowable stresses in Steel see the end of this Article.] 

Constructive Details. 

Rivets shall be generally f and } inch in diameter; the pitch shall 
never exceed 6 inches, nor be less than three times the diameter of the 
rivet ; and the distance from the edge of any plate to the center of a 
rivet hole shall not be less than i\ inches. 

In punching, the diameter of the die shall not exceed the diameter 
of the punch by more than jV inch, and all holes must be clean cuts 
without ragged or torn edges. All rivet holes must be so accurately 
punched that, when the several parts forming one member are placed 
together, a rivet ^ inch less in diameter than the hole can be inserted 
hot without reaming or drift pins. The rivets, when driven, must com- 
pletely fill the hole. When possible all rivets must be machine-driven. 
Field riveting to be avoided entirely or reduced to a minimum. 

The holes for the rivets that connect the floor beams with the posts 
and that connect the track stringers with the floor beams shall be 
reamed out and made to match perfectly when put together at time of 
the erection of the bridges r and rivets shall ^gll the holes, after so 
reamed, perfectly. If bolts are used for this purpose the holes must be 
drilled or reamed through an iron templet, and the bolts turned to 
exact size of finished holes, turning the inside of head so that it shall fit 
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perfectly and shall be made exact length of the thickness of the com- 
bined members that they are intended to be used in, between head and 
thread ; and each bolt shall be provided with two good nuts, and ends 
cut oS and burred after screwing up tight. 

Rivet lieads must be hemispherical and of uniform size, of the same- 
sized rivets throughout the work ; ihey must be full and neatly made. 
The several pieces forming one built member shall fit closely together, 
and when riveted shall be free,from twists, bends or joints. All joints 
in riveted work must be fully spliced, and abutting ends to be dressed 
straight and true. 

All chord bars and main diagonals shall have die-forged heads; the 
eyebars must be free from flaws, of full thickness in the necks, perfectly 
straight before boring ; the iioles must be in the center of the head and 
on a center line of the bar. The bars to be bored at the same tempera- 
ture to exact length, and the pin hole to be -^ inch larger than the 
diameter of the pin. 

The maximum section of any tension member must not exceed 
10 square inches. The heads of eyebars shall be so proportioned that 
the bar will break in the body instead of the eye. Pin holes in eyebars 
and compression members shall be bored exactly perpendicular to a 
vertical plane passing through the center line of the member, when 
placed in a position similar to that it is to occupy in the finished 
structure. The lower chord shall be packed as narrow as possible and 
so as TO produce the least bending moment on the pin, and all vacant 
spaces shall be filled with wrought-iron filling rings. Pins must be 
turned straight and smooth, and shall lit the pin holes within ^ of 
an inch. 

All rods and hangers with screw ends shall be upset %t U»e ends so 
that the diameter at bottom of the threads be tV inch larger than any 
part of the body of the bar. All threads must be of the United States 
standard, except on ends of pins. Floor-beam hangers must be so 
placed that they can be readily examined at all times; when fitted with 
screw ends they shall be provided with check nuts. When loop hangers 
are used they must fit perfectly around the pin throughout its semi- 
circumference. Preference will be given to hangers without screw ends. 
The track stringers will be spaced 7 feet 6 inches from centers, and 
when placed on top of floor beams the stringers to be secured on beams 
by rivets, and braced on the outside of stringers, and sfiticaed togecbcr 
over beams. 



358 A PONY LATTICE BRIDGE. CllAP. XIV. 

Compression members shall be of wrought iron or steel and of 
approved form. The pitch of rivets at the ends of compression 
members shall not exceed four diameters of the rivets for a length 
equal to twice the width of the member. The open sides of all com- 
pression members shall be stayed by batten plates at ends and diagonal 
lattice work at intermediate points. The batten plates must be placed 
as near the ends as practicable, and shall have a length equal to twice 
the width of the member. The size of the lattice bars shall be duly 
proportioned to the size of member; they must not be less than 2 
by I'f inch for posts 6 inches wide, and 4 by ^^ inch for posts 15 
inches wide. 

All pin holes shall be reinforced by additional material, so as not to 
exceed the allowed pressure on the pins. All members to be free from 
twists or bends, and portions exposed to view shall be neatly finished. 

The ends of all square-ended abutting members shall be planed 
smooth and exactly square to the center line of strains. The sections of 
the top chord n)ust be connected at abutting ends with good splices, 
and all abutting points must be in exact contact throughout. The 
attachment of the lateral system to the chords shall be perfect, and 
where connected to suspended floor beams the latter must be stayed 
against moving. 

All through bridges with top lateral system shall have wrought-iron 
end portals of approved design, connected rigidly to end posts. When 
the height of a truss exceeds 26 feet an approved system of overhead 
diagonal bracing shall be attached to each post and top lateral strut. 

Lattice girders shall be stayed by knee braces or gusset plates, 
attached to top chords at the ends and at intermediate points not more 
than 10 feet apart, and attached below to cross floor beams or to trans- 
verse struts. In all deck bridges transverse bracing shall be provided at 
each panel; this bracing shall be proportioned to resist the unequal 
loading of the trusses ; the transverse bracing at the ends shall be 
of the same equivalent strength as the end top lateral bracing. Ml 
deck girders shall have transverse braces at the ends. 

All bed plates shall be of such dimensions that the greatest pressure 
upon the masonry shall not exceed 250 pounds per square inch. When 
two spans rest upon the same masonry a continuous wrought-iron plate 
not less than i inch thick and 4 inches wider than the pedestals shall 
extend under the two adjacent bearings. 

All bridges over sixty feet span shall have at one end nests of wrought- 



Art. III. STRESSES and sections. 359 

iron turned friction rollers running between planed surfaces. Rollers 
shall not be less than two inches in diameter and shall be so propor- 
tioned that the pressure per lineal inch of roller shall not exceed the 
product of the square root of the diameter of the rollers in inches 
multiplied by 500 pounds. Bed plates under fixed and roller ends must 
be bolted to the masonry with bolts not less than i^ inches diameter. 
The contractor must furnish bolts, drill all holes* and set bolts to place 
with molten lead. While the roller ends of all trusses must be free 
to move longitudinally under changes of temperature, they shall be 
anchored against lifting or moving sideways. End posts shall have 
pin bearings at each end. 

The remaining clauses of these specifications, dealing with 
painting, erection, and the manufacture and testing of the 
materials, are here omitted. But the following paragraph 
should be noted by the student when considering those parts 
of the bridge which are made of steel : 

The allowable strain per square inch of area for steel to be used in 
the structure shall not be greater than 20 per cent above that specified 
for wrought iron for tension, 30 per cent for compression and 25 per 
cent for shearing. 

Art. III. Stresses and Sections. 

In computing the stringer the weight of the track was 
taken at 4CX5 pounds per lineal foot, and that of the stringer 
itself at 1450 pounds. The maximum bending moment due to 
this dead load is 97 000, and that due to the locomotive is 

1 090 000 pound-inches. The flange stress for an effective 
depth of 23.5 inches is then 50 500 pounds. The flange being 
composed of two angles, 5 + 3i + i inches, has a gross sec- 
tion of 8.1 and a net section 7.1 square inches, so that the 

« 

compression flange receives the maximum unit stress of 6240 
and the tensile flange 71 10 pounds per square inch, whereas 
the specifications require 6(XX) and 7000 respectively. 

For the floor beam the maximum moment is found to be 

2 499 000 pound-inches, which for an effective depth of 37.8 
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inches gives a flange stress of 66 100 pounds. The flange is 
made up of two angles 6 X 4 X iV inch, giving a gross sec- 
tion of 10.8 and a net section of 9.7 square inches, so that the 
compression flange receives the maximum unit stress of 6120 
and the tension flange 6810 pounds per square inch, whereas 
the specifications permit 7000 in each case. 

For computing the trusses the total dead load is taken as 
1 1 400 pounds per truss, and the live and wind load as in the 
specifications. From these the stresses given on the skeleton 
diagrams in Plate XI are computed. It is seen that the stresses 
in the upper chord vary but little, so that the sections of those 
in the first and second panels are made equal, while the others 
are slightly increased by the use of heavier plates. 

The student may check the agreement of the upper-chord 
sections with the specifications by finding the radius of gyra- 
tion, and then using the column formula given in Art* no; 
and P as thus computed should be greater than the maximum 
stress or closely equal to it. 



I 1 1 



Chap. XIV. 



Plate X. 



JO O ' 

/ff o ' 
S3 ffl7' 



r^ff.s 




2J3& ^:i . 



to. 



T 



■*> d3SOO €/. 
¥- 2ASOOO I 

^ 2sasoo • 



r/f 



^ 

^ 
^ 




a' 

oaa ^^f9a/^ lis 
TOO i6a 



^7ifoo^^cf 
ro.soo 



^f. my./ 






• • • • 






•yco/h^arat 



Aussmt. 






um.CNAA-HAVT » !•►* »» y»«»T »• «.». 



r 

I 



i 



I 



6 i 6 6 



\ 




o « 



Art. 112. GENERAL DESCRIPTION. 361 



CHAPTER XV. 

A THROUGH PIN BRIDGE: UNION BRIDGE COMPANY.* 

Art. 112. General Description. 

The bridge here illustrated was erected in 1892 by the 
Union Bridge Company, on the Pontiac division of the Illinois 
Central Railroad at Reek's Creek. It is a through single- 
track structure of the Pratt type, with a span of 135 feet, loj 
inches between center of end pins, having six panels on the 
lower chord, each 22 feet 7^ inches in length. The height of 
the trusses is 26 feet between chord centers, and the width be- 
tween centers of trusses is 15 feet 8 inches. The eyebars and 
pins are steel and the other material is wrought iron. 

Plate XII shows the general plans of the structure. The 
pins in the lower chord are designated by Z^, Z, , Z, and Z,, 
and those in the, upper chord by C/, , U^ and U^, Any truss mem- 
ber is then designated by the letters at its extreme tier; thus 
LJJ^ is the inclined end post, Z,C/, the vertical tie, etc., while 
L^L^ may indicate the floor beam above the pin Z,. 

Many excellent details will be observed in this bridge. The 
pins are placed, not at the centers of the chords, but at the cen- 
ters of gravity of the sections. Top lateral struts are directly 
connected with the pins. Floor beams are riveted directly to 
the posts. The lower chords in the first and second panels are 
made of angles stiffened by lattice bracing, thus preventing vi- 



* Prepared from data furnished by C. S. Maurice, M. Am. Soc. C. E., 
Union Bridge Co., Athens, Pa. 
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brat ions which are liable to be caused by the sudden entrance 
of a train upon the bridge. 

The specifications of the Illinois Central Railroad of 1890 
for pin-connected trusses, reprinted in the next Article, give all 
the requirements for the design of this bridge. 

Art. 113. Specifications for Pin-connected Bridges: 
Illinois Central Railroad Company. 

The following forms of bridge shall preferably be used, subject to in- 
structions from the Engineer: Spans up to 20 feet, rolled beams. Spans 
from 20 to 50 feet, riveted plate girders. Spans 50 to 90 feet, riveted 
lattice girders. Spans over 90 feet, pin-connected trusses, single inter- 
sections. 

For calculations of strains, the lengths assumed shall be the distance 

between centers of end pins for trusses, and the distance between centers 

of bearings for girders. The panel lengths shall be either 14 feet or 

under, or 16 feet or over, in order to counteract the liability to cumulative 

vibrations which occur when the panel length is half the length of the 

freight car. 

I. General Description. 

(a) ThQ entire structure shall be of wrought iron or steel, except the 
bed plate and washers, which may be of wrought or cast iron ; and the 
cross ties and guard beams in the track system, which shall be of wood 
and shall conform to the standard plans of the Railroad Company, which 
company will furnish the timber for said floor. 

(d) All through bridges shall have a clear height of twenty-one (21) 
feet from the top of the rail to the bottom of the portal or of any lateral 
member; and have a clear width of fourteen (14) feet for single-track 
bridges. This shall apply to spans up to 250 feet. Beyond this span the 
spacing of the trusses for single track shall be as directed by the 
Engineer. 

(c) Deck bridges shall have the trusses spaced as may be directed by 
the Engineer. 

(//) If bridges are located upon a curve special instructions shall be 

given for each case. 

2. Plans. 

(a) Strain sheets, with required sections and detail plans, may be 
furnished by the Railroad Company when inviting tenders, or the design 



Art. 113. SPECIFICATIONS: PIN-CONNECTED BRIDGES. 363 

may be made by the bidders. In the latter case general plans and strain 
sheets of any proposed structure must be furnished by bidders to accom- 
pany their proposals. These mlist show clearly the general form and 
details, and give estimated finished weights of all materials tendered for. 
{d) After the award of any contract, and "before beginning construc- 
tion, the contractor shall furnish a complete set of detail and working 
drawings of the structure to be built. These drawings must be accu- 
rately made to a suitable scale, must have the dimensions of all parts 
plainly marked in figures* and be approved in writing by the Engineer 
or his authorized representative. 

3. Quality of Material. 

All materials shall be subject at all times to inspection, and proper 
facilities shall be given for that purpose to the Engineer and his 
assistants. Steel shall only be used when allowed by the Engineer. 

(a) All iron or steel as it comes from the mill must be of uniform qual- 
ity for each class ; straight, smooth, free from imperfect or crooked edges, 
and from injurious flaws of any kind, and must not vary more than two 
per cent from section required. Angles and edges of sections must be well 
filled out. Up to thirty inches in width all plates must be edge rolled. 

Physical properties shall be as set forth in the following table when 
tested, in the prescribed specimens, in an accurate testing machine which 
has been compared to the United States Government machine ^t Water- 
town Arsenal ; and if it does not agree wiih the latter, results must be 
equated so as to be the same as if obtained on said Watenown machine. 

Test pieces shall be of a miainvum width or diameter of i inch, a 
minimum section of 0.3 square inch, and minimum total length of 15 
inches. Elongation must be measured in at least 8 inches. 

"Diameter of bend " is diameter of center line of the specimen after 
bending. 

Fractures after testing shall in no case be more than fifteen per cent 
crystalline. All plates, angles, etc., which are to be bent hot during the 
manufacture must, in addition to the above requirements, be capable of 
bending sharply to a right angle, at a working heat, without sign of 
fracture. To guard against cold shortness, such tests shall be made at 
freezing temperatures as shall be required by the Engineer. These shall 
be at the expense of the Railroad Company. 

(i) All wrought iron must be tough, ductile, fibrous and free from 
cinder pockets, buckles, blisters or cracks. In rolling, all piles for plates 
must have both top and bottom cover plates. 
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TABLE OF PHYSICAL REQUIREMENTS. 
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(c) Cast iron must be of best quality of tou^h gray iron. Bars five 
feet long and one inch square, supported on knife edges at each end 
shall sustain a weight of 500 p unds at the middle before breaking. 

(^) No steel wliich proves brittle shall be used under any circum- 
stances. If it develops this character at any stage of its manufacture or 
working it shall at once be condemned and other material used; the 
object of the more particular clauses hereto relating being to guard 
against the possibility of the use of this class of metal. 

The steel shall be of three grades: "high steel," ** medium steel" 
and "low steel." When using steel, compression members in general, 
bolsters, bearing plates and rollers may be of high steel ; rivets shall be 
of low steel; and eyebars and pins shall be of medium steel. For the 
same structure all steel for one class of work shall be made by the same 
process and at the same works. A sample bar, three-qiiarters inch in 
diameter, shall be rolled from every melt for preliminary tests. If this 
bar fails to meet requirements, the whole charge may be rejected. Test 
pieces of finished steel may be cut either lengthwise or crosjswise from 
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the originals. In addition to regular tests, daily cold-bending tests 
shall be made as often as practicable during the manufacture, by bending 
double under the hammer such scraps as may be sheared oR from tiie 
steel being worked. Medium steel shall stand such forge tests, both hot 
and cold, as may be sufficient, in the opinion of the Engineer, to prove 
soundness of material and fitness for the service. Specimens cut length- 
wise or crosswise must, after being heated to a low clierry red and cooled 
in water of the temperature of 82* Fahrenheit, stand bending double in 
a press or under the hammer to a curve of which the diameter is twice 
the thickness of the piece. No steel must be worked at a black heat. 

4. Workmanship. 

{a) All work must be done in a strictly first-class manner and shall 
at all times be subject to thorough and careful inspection. Finished 
pieces shall be true to size, section and line, straight and out of wind at 
all points; and all machine, rivet and smith work done upon them shall 
be of the best character. AH measurements in liiying out work shall be 
made with iron standards of the same temperature as the iron measured. 
All parts which are given a descriptive letter or number in the drawings 
shall have that letter or number stenciled on them before shipment. 
Eyebars shall have it stamped on the edge at the extreme end of the bar. 

(d) The total finished weight of the structure must agree within at 
least three per cent of estimated weight. 

5. Data for Calculating Strains. 

(a) The dead weight assumed for calculation shall consist of the 
structure itself, and in addition thereto tiiat of the track system, which 
latter shall be assumed at four hundred and sixty-five (465) pounds per 
lineal foot of single track. This weight includes rails, cross ties, and 
guard rails, with their fastenings, but does not include track stringers. 

(d) The assumed moving load shall consist of two lo-wheel locomo- 
tives coupled, followed by a train of 3200 pounds per lineal foot of 
bridge for each track, sufficient to cover the entire length of the struc- 
ture, as represented by the following diagram; 

Fig. 62. 
The position of these locomotives shall be assumed to be changed so 
as to produce the greatest possible strain on each member. 




366 A THROUGH PIN HRIDGE. ChaP. XV. 

(c) Strains in track stringers and floor beams shall be determined by 
that position of the above represented locomotive which will produce 
the maximum strain upon them, and to allow for momentum this 
maximum strain shall be increased twenty-five percent in proportion- 
ing the parts. 

(d) The Railroad Company will furnish plans of its standard floor in 
inviting tenders, and to these plans the bidders must conform. Of the 
four lines of stringers shown in said standard floor, the inner and main 
stringers must be proportioned for the full live load ascertained as above 
described, while the outer or safety stringers shall be of one half the 
strength of the main stringer. 

(e) When riveted plate girders are used as stringers or floor beams,, 
the calculated strains on their chords shall be assumed to be resisted 
only by the effective area of the flanj<e plates and angles, and the calcu- 
lated shearing strains shall be assumed to be resisted by the web plates 
alone. 

(/) Wind strains shall be calculated as follows : ist. For the unloaded 
structure at the rate of forty (40) pounds per square foot upon the sur- 
face of the floor and that of the two trusses. 2d. The top lateral bracing 
of through bridges and the bottom lateral bracing of deck bridges must 
be proportioned to resist a wind strain of 150 pounds per lineal foot. 
The bottom lateral bracing of through bridges and the top lateral brac- 
ing of deck bridges must be proportioned to resist a wind strain amount- 
ing to 450 pounds per lineal foot of span, of which two thirds is due to- 
moving load. 

(^) In proportioning adjustable members, such as lateral rods and 
counters, it shall be assumed that each member will be given an initial! 
strain of 10 000 pounds in the adjustment of the bridge, and the effect of 
this initial strain shall also be allowed for in the struts to which the 

> 

members attach. 

(//) The effect in chords due to the assumed wind pressure need not 
be considered unless the strains therefrom resulting exceed one half of 
the maximum regular strains. In such cases the section shall be in- 
creased until the total strain per square inch does not exceed by more 
than one half the maximum permissible for regular strains. 

(/) When the structure is on a curve, the effect of centrifugal force 
shall be deduced from the following formula, and shall be provided for 
in addition to the strains resulting from the foregoing data: 

F = 360 000 •+■ R ; 
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in which F=^ centrifugal force in pounds per lineal foot of each track ; 
R = radius of curvature in feet. 

6. Amount of Strain Allowed. 

(a) Permissible strains in tension shall be as follows in pounds per 
square inch : 

Members. Iron. Steel. 

For chords and main diagonals — eye bars 9 000 12 000 

For chords and main diagonals — plates and shapes 7 500 10 000 

For counters 8 000 10 ooo- 

For end suspenders 6 000 8 000 

For lateral bracing 15 000 18 ooo- 

For iioor-beam hangers — forged 5 000 

For floor-beam hangers— plates and shapes 4 000 

For roiled beams used as stringers 8 500 

For floor beams and for riveted stringers over 20 feet. . . 8 500 
For riveted stringers under 20 feet long 8 000 

(b) Permissible strains in compression, in pounds per square inch^ 
shall be deduced from the following formulae and values : 

Column Formula : B = ~ 

I + --, 

in which B = permissible strain per square inch ; 

L = lenfvth of member in inches between connections; 
- r = least radius of gyration ; 

40000 for members with two fixed ends ; 
a •{ 30000 for members with one fixed and one pin end ; 
20000 for members with two pin ends ; 
For main truss members : 7500 if iron, 9000 if steel ; 
For lateral struts : 10000 iron. 
For compression flanges of beams, use the above formula with : 
/ = length of flange in inches between supports ; 
r = width of flange ; 
a ^ 5000; 

I For rolled beams used as stringers, 7500; 
For floor beams and riveted stringers 20 feet long, 7500 ; 
For riveted stringers under 20 feet long, 7000. 
(r) Members subject to alternate strain of tension and compression 
shall be proportioned to resist each of them. Botii strains, howeveiv 



! 
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shall be assumed to be increased by an amount equal to eight tenths of 
the least strain. 

* {d) Permissible strains for bearings and in shearing in pounds per 
square inch shall be as follows : * 

Iron. Steel. 

Bearing on pins or rivets (diameter by thickness of bear- 
ing) loooo 12500 

Shearing on pins and shop rivets with full button heads. 6000 7 500 

Shearing on countersunk rivets 5 000 6000 

Shearing on field rivets in floor-beam and stringer con- 
nections 3 400 4000 

Shearing on field rivets in lateral connections 6 000 7 500 

Shearing on webs of beams 4 000 

Bending in extreme fibers of pins 14 oco 18 000 

{e) Permissible pressure for bed plates on masonry, in pounds per 
square inch, shall not exceed 200 pounds. 

(/) Permissible extreme fiber strains for white-oak ties shall not 
exceed 1200 pounds per square inch. 

{g) For built members in tension, only the net sections must be taken 
as effective, the rivet holes being assumed as one eighth (i) of an inch 
larger than the nominal diameter of the rivet for them, except when the 
holes are drilled. No compression member shall have an unsupported 
length exceeding forty (40) times its least width. No plate less than five 
sixteenths of an inch in thickness shall be used, except as a filler. The 
unsupported width of any plate subject to compression shall not exceed 
thirty-two (32) times its thickness. Floor beams and stringers shall be 
of iron or of medium steel. The webs of floor beams and main stringers 
shall not be less than t inch thick. 

(//) Riveted floor beams and stringers shall have, preferably, a depih 
of not less than one tenth {^) of the span. 

Steel units shall be used in calculating for bearings only when botii 
the bearing and the pin or rivet are of steel. 

(/) In case any truss member is subjected to a bendinjj strain from 
local loading, such as the distributed floor on deck bridges, it must be 
proportioned to resist the combined strains. 

ij) Variations in temperature to the extent of 150 degrees shall be 

provided for. 

7. Details of Construction. 

All the connections and details of the several parts of the structure 

shall be of such sufficient strength that upon testing rupture shall occur 
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in the body of the members rather than in any of their details or con- 
nections. Preference will be had for such details as will be, after erec- 
tion, most accessible for inspection, cleaning and painting. 

(a) All heads of eyebars shall be formed by upsetting on the solid 
bar, or by forging ; no welding allowed. Upsets shall be free from folds. 
Heads shall be clean full-sized forgings formed centrally on the bar in 
true line and out of wind, and shall be free from lateral fissures, incipient 
cracks or flaws of any kind. In upsetting steel bars or rods sharp angles 
must be avoided where the upset joins the bar. All steel eyebars shall, 
after work on them is completed, be thoroughly annealed by heating 
them uniformly to a cherry-red heat and aHowing them to cool slowly. 
Bars of the same class and belonging to the same panel shall be bored 
at the same temperature. The pin holes and eyebars shall be bored to 
exact sizes and distances, and to a true perpendicular to the line of strain. 
The pin hole shall be in the middle of the head, and in the center line 
of the bar. Bars which are to be placed side by side in the bridge shall, 
if piled on each other, allow the pins to pass through at both ends with- 
out driving. No error in the length of bar or diameter of pin hole ex- 
ceeding one sixty-fourth of an inch will be allowed. 

(d) Rods used for ties or counters shall be fabricated with the same 
care and precision as is prescribed for eyebars. Screw ends shall be 
upset so as to insure that the attached members shall break in the body 
of the bar. All screw ends shall have truncated V threads, United States 
standard, proportions and sizes. Turnbuckles, clevises or other attach- 
ments used for adjustment must be of sufficient strength to break the 
bar to which they are attached. Clevises must be forged of wrought 
iron or low steel, and must have pin holes bored. Rods used for lateral 
or vertical braces may have pin holes one sixteenth of an inch lai^er 
than pins, but otherwise must be made with same care as counter rods. 

(c) No pin shall have a diameter of less than eight tenths the width 
of any eyebar attached to it. The several members attaching to the pin 
shall be packed as closely as possible, vacant spaces to be filled with 
filling rings. Pins must be turned true to size and strength. No error of 
more than one fiftieth of an inch in diameter will be allowed in chord 
pins. Pins connecting laterals with other members shall be turned 
down to a diameter of not more than one sixteenth inch smaller than 
the pin hole. Pin holes in wing nuts, channel nuts, or other arrange- 
ments for lateral connections shall be drilled to a size not exceeding one 
sixteenth inch larger than the pins. 
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(d) Compression members shall be of forms approved by the Engi- 
1 neer of the Railroad Company. Their open sides shall be stayed by 
batten plates at the ends, and by latticing at intermediate points. Batten 
phites must be placed as near the ends as practicable, and their lengtii 
shall be not less than twice the inside width of the member. The size and 
spacing of the lattice bars shall be duly proportioned to the size of the 
member. They must not be less than 2 x y'^ inch for posts 6 inches 
wide nor less than 4 x { inch for the posts 15 inches wide. The 
angles made by lattice bars with each other shall not exceed 60 degrees 
for single latticing nor 90 degrees for double latticing, with riveted 
intersections. 

When necessary, pin holes in compression members shall be rein- 
forced by riveted plates sufficient to transmit the strain to the full 
^section of the member. The connecting rivets within two diameters of 
the ends shall be pitched not to exceed four times the diameter of the 
rivet. The several pieces forming any built member shall fit closely 
together, and the members shall be free from twists, bends and open 
joints. Parts composing posts or tie struts must be in one length, with- 
out splices between bearings unless specially permitted by the Engineer. 
No members having closed sections of any form will be accepted. Splices 
in chord sections shall be of edge-rolled plates, or of angles and edge- 
rolled plates. Abutting joints shall be milled oft to exact lengths and 
square to the line of the chofd. Pin holes shall be bored true to the 
line of strain and correct as to position. No errors exceeding one 
thirty-second of an inch in length of part, or in diameter or position of 
pin hole, will be allowed. After the splice plates are riveted on in the 
shops, each line of chords shall be assembled, the joints matched, their 
abutting surfaces brought to a tight lit by turnbuckles, and all the rivet 
holes in the ends of chords and splices shall be reamed to an exact 
match and fit. Match marks shall then be made in each piece. 
' (e) The details of riveted work must be so designed that there shall 
be no tensile strain on rivets. The rivets used shall generally be three- 
quarters and seven-eighths inch diameter. No rivet hole shall be less 
than one and three fourths diameters from the end of a plate nor less 
than one and a half diameters from the side of a plate, nor ever less than 
one and a quarter inches from the center of the hole to the edge of a 
plate, except in cases where the plate or side of the angle is less than 
two and a half inches. All joints shall be square and truly dressed, 
rivet holes shall be accurately spaced, and tlie rivets must be of the best 
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quality of tension steel or iron for the purpose. When driven, rivets 
must completely fill the holes. All rivets with crooked heads or heads 
not formed centrally on the shank, or rivets which are loose either in 
the hole or under the shoulder, shall be cut out and replaced with good 
rivets. 

Rivet holes shall not.be spaced less than three diameters between 
centers nor more than sixteen times the thickness of the thinnest out- 
side plate apart, 6 inches being the maximum pitch allowed in plate 
riveting. The rivets connecting top-chord angles to webs in track 
-stringers shall be seven-eighths inch diameter, spaced three and one half 
inches apart, to resist local impacts trains. The diameter of the iiole 
shall not exceed the diameter of the rivet more than one sixteentii of an 
inch. When two or more thicknesses of plates are riveted togetlier the 
-outer row of rivets shall, if practicable, not exceed three rivet diameters 
from the side edge of the plates. When plates more than 12 inches 
wide are used in the compression flanges of track stringers or floor 
beams an extra line of rivets with a pitch of not over 9 inches shall be 
driven along each edge to draw the plates together. Ail joint rivet 
holes shall be so accurately spaced that rivets of the proper size can be 
passed through all the holes in the joint after the parts are placed in 
position without the use of drift pins. 

All splice plates in which the holes are misplaced, either in the plates 
themselves or with the adjoining chord or flange, shall be matched and 
the holes reamed to fit before leaving the shop. No inaccurate or other- 
wise defective work will be accepted under any circumstances in connec- 
tion joints or riveted work. The riveted field connection of floor beams, 
stringers, posts and struts ipust be accurately matched before leaving the 
shops, and all unmatched holes reamed to fit; webs of stringers project- 
ing above flanges must be chipped flush before shipment. All rivets in 
splice or tension joints must be symmetrically arranged so that each half 
of a tension member or plate will have the same uncut area on each side 
of its center line. Whenever practicable rivets must be machine driven. 
Unless otherwise allowed, in riveted steel work the punch hole shall be 
one eighth inch less than size required, and shall then be reamed to fit. 
Steel rivets shall be used in all steel work. 

(/) Bed plates shall be of such thickness as not to bend under their 
load if supported only on their ribs at the perimeter. If of cast iron 
they must be free from flaws or defects of any kind. They must be 
planed on both upper and lower surfaces. The shoes shall be made of 
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riveted plates with dressed bearing surfaces, and the pin holes shall be 
drilled true to size, line and position. The expansion and contraction of 
the lower chord shall be provided for by nests of friction rollers between 
the shoe and the bed plate at one end of each span. These rollers shall 
be truly round and smooth and be so proportioned that the pressure per 
lineal inch on each roller shall not exceed y" 540000^, d being the diam- 
eter of the rollers. Diameter of rollers shall, however, never be less 
than two inches. Bed plates shall be so designed as to prevent the en- 
trance of dirt as much as possible, and to allow ready cleaning. Pro- 
visions shall be made for a movement of the friction rollers sufficient for 
a variation in temperature of 180^ Fahr. While -the roller ends shall be 
free to move longitudinally, they must, as well as the fixed ends, be an- 
chored against lifting or moving sideways. Anchor bolts shall be of the 
usual pattern of split ends with wedges. The contractor shall furnish all 
bolts, drill all holes, and fill around the bolts in the holes with sulphur. 

{g) When permitted by the head room and the required depth of 
floor, floor beams shall be riveted to the posts. Floor-beam hangers, 
when not of plates or shapes, must be in pairs of square bars. Screw 
ends must be formed by upsetting and shall have lock nuts, with cotters 
below the regular bearing nuts. The gib plates support ingt he floor 
beam must be so shaped that both hangers of each pair are equally 
strained when the floor beam deflects. Hangers must fit perfectly 
around the semi-circumference of the pin. 

{h) When the height of the truss exceeds twenty-five (25) feet an 
improved system of overhead diagonal bracing shall be attached to each 
post and to the top lateral struts. In all deck bridges transverse bracing 
shaM be provided at each panel. The transverse bracing at the ends 
shall, be of the same equivalent strength as the end top lateral bracing. 

(/ ) No tension rod, either in lateral, sway or counter bracing, shall 
have a less section than one square inch. 

(/) It will be preferred to provide end floor beams in all cases, but 
there must be a lateral strut between the foot ends of inclined end posts 
when there is no end floor beam. 

{k) All bridges shall be given a camber not less then iJK deflection 
under extreme loads. 

Section 8, on Inspection and Tests, and Section 9, on Paint- 
ing and Shipping, are here omitted, the foregoing being suffi- 
cient to enable the student to check all the work on Plate XIL 
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Art. 114. Stresses and Sections. 

For computing the stresses the dead load was taken as 1900 
pounds per lineal foot, and tlfe h've and wind loads as in the 
specifications. The stresses are given in Fig. 63, the dead and 
live stresses being distinguished by the letters ^and nt respect- 
ively, while + Js used for compression and — for tension, this 
being the reverse of the method employed in other chapters of 
this book. 

The student will find it an excellent exercise to test several 
of the sections given on the diagram by the rules stated in the 
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specifications. For thi purpose the radii of gyration of the 
upper-chord and post sections may be taken with sufficient 
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precision from Osborn's tables. For example, the upper chord 
l/^t/t is 2^^ inches long, and its radius of gyration is not far 
from 6 inches; hence /-T-r = 47, and the permissible unit 
load, from (6) of the specifications, is near JCXX) pounds per 
square inch. This requires a section of 35.6 square inches, 
whereas the actual net section provided is 36.2 square inches. 

The maximum shear at the ends of the main floor beams is 
62 500 pounds. The excellent manner in which these are con- 
nected to the posts should be noted. For the main stringers 
the maximum shear will be found to be 42 OCX) pounds, which 
is also the shear for the end floor beams. To transfer this to 
the floor there are 22 rivets f inch in diameter, giving a sec- 
tion of 13.2 square inches, and the stringer also rests upon a 
bracket riveted to the lower flange of the floor beam. 

Art. 115. Bill of Material. 

The bill of material for this bridge fills six foolscap pages of 
" detail sheets." From it are made the various bills for shops, 
shipping, and erection, and the order sheets for the mills. The 
ordered sizes where different from the details are noted in the 
margin. The finished (planed, bored or turned) parts are top 
chords at splices, ends of floor beams and stringers, pins, pin 
holes, rollers and roller bearing plates: and the differences in 
ordered over finished lengths are the allowances made for fin- 
ishing. 

Tl]e following extract from the bill of material will indicate 
the method of arrangement, not including the columns for 
noting the pieces found in stock: 

4 End Posts, Z. [/, 34' 5 J" c to c. In Pairs. 

8 Side Plates 15" X T X 35' 3*" 

4 Cover Plates 20 X i X 34 3 

8 Flange Angles. -3X3X1 X34 9 
8 Flange Angles. . 3 X 3 X t% X 34 3i 
8 Pin Plates 15 X l6J X III 



Art. 115. 



BILL OF MATERIAL 



375 



8 Pin Plates 15' 

8 Pin Plates 9 

8 Pin Plates 9 

8 Pin Plates 15 

8 Pin Plates 14 

8 Cross Plates 20 

72 Lattice Bars 5 

8 Fillers 2^ X fV 

The actual finished weight of this bridge was 203 162 
pounds. The cost of bridge manufacture varies continually, 
but in 1892 it might be taken at from 3.1 to 3.2 cents per 
pound at the shop for this class of work. 
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CHAPTER XVI. 
A THROUGH PIN BRIDGE: PENCOYD BRIDGE COMPANY* 

Art. ii6. Description. 

Plate XIII shows the strain sheet and Plate XVI the gen- 
eral plan of the Attica bridge over the Wabash River, built in 
1892 by the Pencoyd Bridge and Construction Company for 
the Wabash Railroad Company. 

The truss is of the Pratt type, 128 feet 1 1 inches in span be- 
tween centers of end pins, the two end panels being each 21 feet 
3 inches and the others 21 feet 7^ inches long. The depth 
between chord centers is 26 feet, and the width of the bridge 
between centers of trusses is 17 feet. The drawings give full in- 
formation regarding the propprtions of all the principal parts, 
and the student is recommended to study carefully the many 
excellent details. 

The upper and lower lateral bracing is made of stiff sys- 
tems of angle irons riveted to the cross struts and floor beams^ 
thus avoiding the disadvantages attending adjustable systems. 
In the upper chord the pins are placed at the middle of the 
cross sections and the material so disposed that the centers of 
gravity coincide with the centers of the pins. The end panels 
of the lower chord and the hip verticals are made of angles and 
channels, thus securing rigidity under the sudden application 
of loads or in derailments of trains. There are four stringers, 
the main ones being directly beneath the rails, while the two 

* The data and drawings for this chapter were furnished by Charles C. 
Schneider, M. Am. Soc. C. E., Chief Engineer of the Pencoyd Bridge and 
Construction Company. 
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•safety stringers are placed 3 feet 6 inches on either side of 
them. The details at the hip and shoe deserve particular at- 
tention. 

This bridge was designed under the specifications of the 
Wabash Railroad Company of 1891, which are reprinted below, 
with the exception of that portion relating to the manufacture 
and tests of the materials. 

Art. 117. Specifications for Iron Truss Bridges: 
The Wabash Railroad Company. 

All the spans to be built of wrought iron or steel. Cast iroh shall be 
■used only in such details, as filling pieces, washers, etc., as may be neces- 
sary, and may also be used in bed plates if directed. 

The length of the span shall be understood to be the distance be- 
tween the centers of end pins. For all through truss bridges the clear 
head room above the top of the rail shall not be less than 20 feet, and 
the width in clear between trusses not less than 1 5 feet. For all deck 
truss bridges the distance between centers of trusses shall not be less 
than 12 feet. Through spans must have wrought-iron portals of approved 
•design at each end of span, connected rigidly to end truss, and, when the 
height of truss makes it necessary, suitable cross-section bracing at each 
set of intermediate posts. 

. All bridges having a floor system shall have end floor beams propor- 
tioned for two thirds the load specified for the interior floor beams. 
Stringers will be spaced as shown in the sketch unless otherwise directed, 
and the outside stringers will be proportioned to sustain one half the 
load of the interior main stringers. [The diagram shows four stringers 
in cross section, the two middle ones being 5 feet between centers, and 
the outside ones being 3 feet 6 inches from the main ones.] 

Pilot nuts shall be furnished for use in erection. 

Strain sheets and general plan showing the dimensions, form and 
area of each member, also the assumed dead load, must accompany each 
proposal. All strain sheets must check up correctly, the resulting dead 
load agreeing with that assumed in the calculations. 

Complete detail working drawings in duplicate must be submitted 
for the approval of the Engineer by the Contractors before commencing 
the work. 
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The different parts of the structure shall be proportioned to sustain 
the following loads : ist. A dead load consisting of the entire weight of 
the structure ; 2d. The weight of the track, embracing the rails, spikes, 
splices, bolts, ties and guard rails, to be estimated at 450 pounds per 
lineal foot; 3d. A train of two coupled consolidation engines and 
tenders, followed by a uniform load of 3500 pounds per lineal foot, as 
shown by the annexed diagram. [See Plate XIII.] 

Tension members shall be so proportioned that the maximum strains 
produced by the weight of the structure and the specified moving load 
shall in no case exceed the following : 

PerSq In. 

Lower chord and main tie rods less than four 

square inches in area 10 000 pounds. 

Over four square inches in area 9 000 

Counter rods S 000 

Long verticals 6 000 

Lower flanges of built beams (net section). . . 8 000 

Lower flanges rolled 8 000 

Lower chord and main tie rods of steel 12 000 

Long verticals of steel 8 000 

The maximum compressive strain on top flanges of floor beams and 
track stringers must not exceed : 

Per Sq. In. 

For built beams, gross section 8 000 pounds. 

For rolled beams, gross section 8 000 

No allowance for web shall be made in calculating the flange sections 
of beams and stringers. The shearing strain on web sheets across the 
fiber shall not exceed 5000 pounds per square inch, and in the direction 
of the fiber the shearing strain shall be limited. to 4000 pounds per 
square inch. Web sheets shall be of such thickness as to resist the 
maximum shear of the section in the different parts of the girders within 
the safe limits allowed for that strain. The web of girders, including 
stringers and floor beams, shall not be less than f of an inch in thick- 
ness, and shall have stiffeners at ends and at inner edges of end bearing 
plates, and at all points of local concentrated loadings. Intermediate 
stiffeners will be used if the shearing stress, f>er square inch of web, ex- 

loooo 
ceeds 77. in which {i = clear depth between flange angles, or 

I a 

I + X -- 

3000 /' 

clear distance between stiffeners; / = thickness of web. 



«• 



«• 



4< 



• « 



• • 



Art. 117. SPECIFICATIONS: IRON TRUSS BRIDGES. 379 

Floor beams and track stringers shall be proportioned to carry, in 
addition to their own weight and weight of track and floor, a concen- 
trated engine load so placed as to produce the greatest effect. 

Compression members shall be so proportioned that the maximum 
load shall in no case cause a greater strain per square inch than that de- 
termined by the following formula : 

8000 
p __ fQf all compression members, 

18000 X r' 

in which P == allowed compression per square inch ; /= length of mem- 
ber in inches ; r = least radius of gyration of the section in inches. 

No compression member shall have a length exceeding 45 times its 
least width. 

Wind strains shall be assumed as acting in either direction horizon- 
tally, and the lateral bracing of the floor upon which the moving load is 
carried must be of sufficient strength to resist a lateral force of 450 
pounds per lineal foot of bridge considered as a moving load. Top 
lateral bracing must be of sufficient strength to resist a lateral force of 
200 p)ounds per lineal foot of bridge considered as a moving load, and 
the resulting strains therefrom shall be resisted by lateral and vertical 
rods proportioned to 12000 pounds per square inch in tension, and 
lateral struts proportioned for fifty per cent more than the foregoing for- 
mula. Shearing and bending strains at the lateral connections shall be 
calculated with the same precision as the main strains, and sliall be 
resisted by members proportioned so that the maximum shearing 
strain shall not exceed 10 000 pounds per square inch, and the maxi- 
mum flexure or bending strain shall not exceed 20000 pounds per 
square inch. 

The shearing strain on any pin must not exceed 7500 pounds per 
square inch of its sectional area. The strain on extreme fibers caused 
by bending must not exceed 15000 pounds per square inch, and in de- 
termining this bending strain the leverage distance shall be considered 
as from center of eyebar to center of bearing or of opposite eyebar. No 
pin shall have a less diameter than two thirds of the wrdth of the widest 
eyebar coming upon it. The bearing surface of any pin or chord, tie 
or post, shall not be exposed to a greater strain than 12000 pounds 
pressure on the diametral area. Pins must be turned true to size 
and straight, no error of more than -^^ of an inch in diameter being al- 
lowed. 
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The pin at the base of the end post shall extend through the nut on 
each side a distance equal to its diameter, and shall be turned down to 
diameter i of an inch tess than the body of the pin. 

Eyebars must be free from flaws, of full thickness in the neck, and 
perfectly straight before boring. They must be bored at the same tem- 
perature, and, when the bars belonging to the same panel are placed in a 
pile, they must allow the two pins to pass through without forcing. The 
eyebars should be weldless, and the heads so proportioned that the bar 
will break in the body instead of the eye or enlarged part of the bar. 
The form and limit of size of the head and mode of manufacture shall 
be subject to the approval of the Chief £)ngineer, and must be specified 
in the proposal. 

Pin holes in eyebars shall be bored to exact sizes and distances, and 
to a true perpendicular to the line of ^ train. No error in length of bar 
or diameter of pin hole exceeding f\ of an inch will be allowed. 

In riveted work all joints should be square and truly dressed. Rivet 
holes shall be accurately spaced, and the rivets must be of the best 
quality of iron for the purpose and completely fill the holes. All rivets 
with crooked heads or heads not formed cen trail v on the shank, or rivets 
which are loose either in the rivet hole or under the shoulder, shall be 
cut out and new rivets put in their places. Rivet holes shall not be 
spaced less than two and one half diameters between centers nor more 
than sixteen times the thickness of the thinnest otrtside plate apart, irine 
(9) inches being the maximum pitch allowed in plate riveting. No rivet 
hole shall be less than one and three quarters diameters from the end of 
the plate nor one and one half diameters from the side of the plate, nor 
ever nearer than one and one quarter inches from center of hole to edge 
of plate. The diameter of the hole shall in no case be more than one 
sixteenth of an inch more than the diameter of the rivet. When two or 
more thicknesses of plate are riveted together the outer row of rivets 
shall not be more than (3) diameters from the side edge of the plate. 

All joint rivet holes must be so accurately spaced that rivets of the 
proper size can be passed through all the holes in the joint after the 
parts are placed in position without the use of drift pins. In iron work 
the diameter of the punch shall not exceed by more than one sixteenth 
of an inch the diameter of the rivets to be used. Rivet holes must be 
accurately spaced ; the use of drift pins will not be allowed. If the hole 
must be enlarged to admit the rivet, it must be reamed; all rivet holes 
in steel work, if punched, shall be made with a punch one eighth inch 
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in diameter less than the diameter of the rivet intended to be used, and 
shall be reamed to a diameter one sixteenth greater than the rivet. 

In members consisting of two or more pieces of shape iron connected 
by lattice or lacing bars there shall be connection plates at each end, the 
row of rivets in which shall not be less than one diameter of the member 
in length. In all posts and chords the connecting rivets within two 
<lianieters of the ends shall be equal to the sectional area of the joined 
pieces, and in posts and elsewhere, in all riveted work, the distance 
between the rivet supports across the plate shall not exceed thirty (30) 
times the thickness of the plate, and no section shall have members of 
less thickness than three eighths of one inch. All rivets in splice or 
tension joints must be symmetrically arranged, so that each half of a 
tension member or splice plate will have the same uncut area on each 
side of its center line. For riveted members in compression the rivet 
holes need not be deducted, but for members in tension only the mini- 
mum uncut section will be considered. 

No rivet shall be exposed to more than 6000 pounds per square inch in 
shear or more than 12 000 pounds pressure per square mch-on diametral 
area. If the floor beams and stringers are of built sections, the rivets must 
be so spaced that between the points of application of the load and the 
points of support there are rivets enough to transmit the flange strains 
to the web and from the web to the flange without exceeding «the above 
stresses for rivets. 

The abutting ends of all square-ended members shall be faced 
smoothly and exactly square with the center line of strain, and. unless 
abutting surfaces are machine faced, the transmission of compressive 
strains shall be considered as entirely through the medium of rivets and 
•connection plates, and these must be proportioned accordingly. No 
inaccurate or otherwise defective work will be accepted under any cir- 
cumstances in connection joints of riveted work. 

The friction rollers, when used under the end of a span, shall be so 
proportioned that the strain per lineal inch shall not exceed those deter- 
mined by the following formula: 



i/540000 X ^= pounds per lineal inch, 
in which d is diameter of roller in inches. 

Bed plates resting on masonry shall be so proportioned that the pres- 
sure on the masonry shall not exceed 250 pounds per square inch. 

The several spans shall have a permanent camber of t«W of their 
length when no live load is on the bridge. All the workmanship shall 
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be of the best quality. The deviations from a straight line shall not 
exceed one quarter inch in a twelve-foot column. AH abutting joints, 
surfaces, pins and roller bearings shall be planed or turned. All pin 
holes shall be drilled. All bars of iron having an error in length be- 
tween pin holes of over one sixty- fourth of an inch shall be rejected. 

In all cases where a steel piece has been partially heated the whole 
piece must be subsequently annealed. All bends in steel must be made 
cold, or, if the degree of curvature is so great as to require heating, the 
whole piece must be subsequently annealed. 

All surfaces coming in contact shall be painted with one coat of red 
lead and raw linseed oil, and the accessible surface with two coats of 
paint of such color and quality as the Engineer may direct, except 
machine-finished bearing surfaces, which shall be coated with a mixture 
of white lead and tallow. Loose scales, rust and dirt must be removed 
before the pamt is applied. No pamting shall be done in wet or freezing 
weather. 

All workmanship must be first class. Inspection of the work will be 
made as it progresses, and at as early a period as the nature of the work 
permits. Ample facilities for the inspection and testing of material and 
workmanship must be furnished by the Contractor, and the Inspector 
shall be given free access to all the establishments where work for this 
contract is^ in progress. Timely notice shall be given to the Inspector 
when work is to be commenced on any part, enabling him to be present 
for inspection. All parts sliall be inspected and weighed by the Inspector 
before shipment, and, if found satisfactory, stamped by him as accepted. 
The acceptance of any material or manufactured member by the Inspector 
shall not prevent its subsequent rejection if pronounced by the Engineer 
to be defective. All rejected material and work shall be replaced by the 
Contractor without charge to the Railroad Company. 

All pins and small parts must be securely boxed, and the boxes 
plainly marked. The weights of large pieces shall be marked on them. 
Tlie invoice shall contain the contents of each box and the weight and 
description of each piece that is not boxed, and two copies of each 
invoice shall be furnished the Railroad Company. All parts shall be 
carefully loaded so as to avoid injury in transportation, and shall be at 
the Contractor's risk until delivered to the Railroad Company in good 

order. 

On completion the bridge will be tested with trains loaded approxi- 
mately to the maximum specified, and, after remaining on the spans 
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for thirty minutes and then removed, no permanent set should take 
place. 

Unless otherwise stipulated, the Contractor shall furnish all the ma- 
terial and labor necessary for the proper construction and erection of 
the iron Work. 

Art. 118. Stresses and Sections. 

From the foregoing specifications, with the help of the 
methods set forth in Chap. VI, the student will be able to 
check the stresses and sections given on Plates XIII and XIV, 
or to carry through the design of a similar structure having a 
different span and height of truss. 

For the floor stringers the weight of the track is assumed at 
450 pounds per linear foot, a value probably nearly double of 
the actual weight, and that of the stringer itself at 2900 
pounds. The bending moment due to the dead load is found 
to be 252 500 inch-pounds, and that due to the live load 
2676000 inch-pounds. The sum of these divided by the as- 
sumed effective depth, 34 inches, gives 86000 pounds for the 
flange stress, and the section required is hence 86000 H- 8000 
= 10.7 square inches. This is provided by two angles 6x6 
X i inch, having a gross section of 10.9 square inches. The 
maximum shear on the stringer is found to be 51 800 pounds, 
which calls for a web 37 X I inch. 

In a similar manner the computations for the floor beam 
may be followed through, and also those for the trusses. For 
the trusses the total dead load is taken as 1830 pounds per 
linear foot, of which 450 is for the track, 600 for the floor, and 
780 for the trusses. In computing the stresses 4200 pounds is 
taken for the dead panel load per truss on the top chord, and 
1 5 600 pounds for that on the lower chord, while the live load 
is that of the locomotive shown on Plate XIII. The stresses 
in all the members are now completed and recorded in the 
skeleton diagram. 
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The sections shown on Plate XIV mky be checked by de- 
Tducing the stresses per square inch under maximum condi- 
tions, and comparing them with those required in the specifica- 
tions. For example, take the two eyebars in the third panel, 
which are each 5 X if inches and furnish a total section of 
17.5 square inches. The maximum unit stress then is 212000 
-i- 17.5, or 12 100 pounds per square inch, while 12000 pounds 
is required by the specifications. ^Numerous other checks, like 
those illustrated in the preceding chapters, may also be advan- 
4:ageousIy made by the student. 
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CHAPTER XVII. 

A DECK THREE-TRUSS SKEW BRIDGE. 

Art. 119. Description. 

The structure illustrated in Plate XV is the west span of 
the bridge over the Delaware River at Easton, Pa., on the 
Central Railroad of New Jersey. The entire bridge comprises 
six similar spans and a short plate-girder span, the total length 
being 1036 feet. The bridge carries two tracks upon the upper 
* chord, the width between centers of the two outer trusses being 
18 feet, while the distance between centers of tracks is 12 feet. 
The span of the truss shown is 173 feet 2 inches between end 
piers, and its depth is 30 feet between centers of chords for the 
three middle panels, while the lower chord is raised so as ta 
make the depth at the ends 19^ feet. 

The bridge was erected in 1892 by the Phoenix Bridge 
Company to replace an existing single-track bridge. The abut- 
ments and piers, however, had been built of a width sufficient 
for a double track. The Company was called upon to design 
the most economical structure, using the existing piers and 
abutments without altering the elevations of the bridge seats. 
and was also required to maintain traffic during erection. The 
first requirement calls for the trusses to be deeper in the center 
and necessitated the inclinecj lower chords near the ends. The 
second requirement caused the adoption of a three-truss de- 
sign from the fact that two trusses could be erected on one 



♦Compiled from data furnished by John Stkring Deans, M. Am. Soc. C. E., 
Chief Engineer of the Phoenix Bridge Company. 
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side of the old structure, traffic transferred to the new trusses, 
the old bridge then removed and the third new truss erected. 
Had it been an entirely new crossing probably only two trusses 
would have been used, and the chords would certainly have 
been made parallel. 

The erection of the new structure, including the removal of 
the old one and the painting of all iron work two coats, was 
completed within three months after starting the work, without 
a single mishap of any description. Immediately after erection 
a test was made by running over the bridge two coupled loco- 
motives on each track at different rates of speed. The maxi- 
mum deflection found in the longest span (173 feet 2 inches) 
was three fourths of an inch, and upon the removal of the load 
the span returned to its original position. 

Art. 120. Loads and Stresses. 

Theodore Cooper's specifications of 1890 were required 
to be used in the design of this bridge, except for the live load. 
These specifications are so widely known and so easily obtain- 
able that they need not be given here, especially as extracts 
from them may be found in Chapter VI. 

The live load specffied was 4000 pounds per linear foot of 
track, preceded by two typical New Jersey Central consolida- 
tion locomotives on a total wheel base of 108 feet. The fol- 
lowing data will enable a student to prepare a moment diagram 
for stress computations (Part I, Art. 62) : Load on pilot axle, 
16000 pounds; on first, second and fourth driver axle, each 
36000 pounds ; on third driver axle, 40000 pounds ; on each 
axle of tender, 22000 pounds ; distance from pilot to first driver, 
8 feet ; distance between drivers, 4J feet ; from last driver to 
first wheel of tender, 13 feet ; between first and second tender 
wheels, 5 feet ; between second and third tender wheels, 5 J feet; 
between third and fourth tender wheels, 5 feet. Each loco- 
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motive thus weighs 268000 pounds on a wheel base of 50 feet. 
An interval of 8 feet separates the last tender wheel of the first 
locomotive and the pilot wheel of the secondhand one of 4 feet 
is between the last tender wheel of the second and the begin- 
ning of the uniform load. The total bending moment of the 
system with respect to the last tender wheel will be found to 
be 27996000 pound-feet. 

The dead load used in computing the stresses was 3000 
pounds per linear foot of bridge. From the manner of con- 
struction as shown on Plate XV it is probable that both live 
and dead loads are distributed nearly equally to the three 
trusses when the two tracks are fully loaded. The following 
stresses and sections for a few of the members are those for 
Span No. 5, whose length is 170 feet i inch between centers of 
end pins, but which otherwise has the same dimensions as the 
span under consideration. The last column, however, gives 
the slightly greater sections used in the latter span. 



Member. 


Dead load 
Stresses. 


Live-load 
Stresses. 


Sections 
No. 5. 


Sections 
No. 6. 




Pounds. 


Pounds. 
— 259600 


Square inches. 


Square inches. 


End post PPti . . 


— 86200 


50.00 


• 

51.20 


Top chord A At 


-94100 


— 267600 


81.40 


86.40 


Post P2O 


-44400 


— 162300 


36.00 


36.00 


Diagonal 76i.... 


+ 50600 


+ 171 700 


21.00 


21.00 


Luwer chord 61. . 


+ 62550 


+ 188 350 


22.75 


23.62 


Lower chord 60.. 


+ 94100 


+ 267600 


33 25 


34-12 



The wind pressure used in designing the laterals was 450 
pounds per linear foot for the upper system, of which 300 was 
taken as moving, and 150 pounds per linear foot for the lower 
system. As seen on Plate XV the upper laterals are made 
of stiff angles in pairs, each angle weighing 28 pounds per 
yard, while the lower ones are adjustable tension rods i J inches 
in diameter. This affords ample section for the wind stresses, 
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the greatest of which are 23 400 pounds in the upper system 
and 1 5 6(X» pounds in the lower. 

Art. 121. Materials. 

The trusses of this bridge, except the counter ties, were made 
of steel. The upper lateral bracing, lower lateral struts, and the 
diagonal bracings were also of steel. The counters, lower lateral 
rods, anchor and joint bolts were of wrought iron. Medium steel 
was employed, except for the rivets, which were of soft steel. 

The complete bill of material for the single span shown on 
Plate XV would occupy about twelve pages of this book. It 
includes, of course, the dimensions of every piece, no matter 
how small, which is employed in the span, with sketches ex- 
planatory of the bevels, clippings, and unusual connections 
rendered necessary by the skew of the structure. The follow- 
ing extract from the bill of rivets will show the detail which is 
necessary in this part of the work. It gives the number of 
rivets, their length from inside of head to the end before rivet- 
ing, and their location, for the six intermediate chord sections 
niarked B6, B6C, BB6, on the erection diagram. 

o?RhJ?.;. Length. location. 

I2I2 2\' Through i" web 4-1" top flange angles. 

984 3i Through i'' web-f- ¥' bottom flange angles. 

252 3| Through 1" web + V filler + |" web splice plate. 

658 2| Through \" lop flange angles + \" cover plate. 

72 2\ Through same + I" splice plate. 

384 2\ Through f bottom flange -|- |" lattice, also batten. 

These rivets, and all used in the top chords, are -j-f inch 
in diameter, while |" rivets are generally used elsewhere, the 
few I" rivets being in the transverse struts. The number of 
each kind is : 

Diameter \\" i" f" 

Shop rivets 10 005 1 1 862 668 

Field rivets I 830 830 

Making a total of 25 195 rivets used in the entire spam 
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The following, compiled from the bill of material, shows 
the number, size and location of the rivets for the different 
parts of the span : 



Number. 


Diameter. 


Location. 


9121 


H" 


In upper chords. 


884 


n 


In upper lateral bracing. 


1830 


H 


Field rivets for upper-chord connections. 


402 


i 


In fixed and roller pedestals. 


i960 


i 


In 6 stringers. 


6436 


i 


In 18 vertical posts. 


2772 


i 


In 6 inclined end posts. 


292 


i 


In diagonal and lateral struts. 


830 


i 


Field rivets for connections. 


668 


i 


In transverse struts. 



The total being 25 195 rivets. The weight of this number of 
pairs of rivet heads, of the sizes given, is about 13 300 pounds. 

The eyebars were of medium steel, varying in thickness 
from I to i-f j^ inches, and the thickness of the heads was not 
allowed to exceed that of the bar by more than ^ inch. The 
adjustable loop-eye counter rods were of wrought iron, square 
in section and provided with Cleveland tumbuckles. The pins 
were of medium steel, the largest one at the hip being 6^ 
inches in diameter. 
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CHAPTER XVIII. 

ELEVATED RAILROAD STRUCTURES/ 

Art. 122. General Considerations. 

The metallic superstructure of a double-track elevated 
railroad consists of two rows of columns placed opposite each 
other, supporting the transverse girders, to which again the 
longitudinal girders carrying the tracks are connected. The 
station girders, resting on top of the transverse girders, 
support the stations, stairs, and platforms, when these occur; 
they usually cover about four or five spans. 

The general plan of construction varies principally with the 
width of streets, the length of blocks, and to a certain ektent 
with the grades. In narrow streets the columns are placed 
on the sidewalks and close to the curb lines; but where the 
streets are wide the columns mav be placed in the street ; in 
such manner, however, as to interfere as little as possible with 
traffic. There are, indeed, examples of very wide streets 
-where the columns are placed on the sidewalks, and each one 
so constructed as to support directly the two longitudinal 
■girders for each track, the transverse girders being entirely 
omitted. Either construction for wide streets is highly eco- 
nomical, as the center lines of tracks come immediately over the 
-centers of columns, thus reducing the transverse girder, if there 
be any, to simply a lateral bracing between each pair of 
columns. At stations, however, transverse girders will have 

* Written by O. J. Marstrand, M. Am. Soc. C. E., formerly Assistant 
Engineer, Brooklyn Elevated Railroad. 
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to be introduced to support the station girders ; also at such 
places where additional long girders are necessary to carry 
crossovers, signal towers or other buildings necessary to the 
operation of the road. 

In determining the lengths of spans, the object is to have as 
tiuch uniformity as possible, which secures an economical 
construction, observing at the same time the public require- 
ments, which secure a minimum obstruction of travel. Thus 
at cross streets the columns should preferably be placed on the 
house lines, or, if these streets be very wide, placed so as not 
to be in the way of crossovers. The position of these columns 
at cross streets being decided upon, the distances between them 
are subdivided into spans, making as many of them as possible 
of a uniform length. The ideal length is about 50 feet ; to 
this length corresponds a longitudinal girder about 4 feet deep 
and a transverse one about 5 feeti both depths being conven- 
ient standards in manufacture, shipping and erection, and 
afiford stiffness to the structure. 

As to the grades of an elevated railroad, they follow as 
nearly as practicable those of the streets, the requirements 
being that there should be a certain clear head room from the 
surface of street to bottom of girders. Here, as in all design- 
ing, the object is to secure uniformity ; the engine should not 
at one point of the road have to haul a load far in excess of 
the work it performs at other places. But the engine does 
its heaviest work, irrespective of grades, when pulling out from 
stations, going around curves and hauling the heaviest loads, 
and at these places, therefore, the grades should be correspond- 
ingly modified. A grade of 1.5 per cent is steep on elevated 
structure and should not be exceeded ; this may therefore 
necessitate a higher structure than if the grades were at all 
places parallel to those of the street, and in such cases it is 
advantageous to introduce deeper girders to secure additional 
stiffness and longer spans with longitudinal bracing between 
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columns. The standard depth should, however, not be varied 
from except under extraordinary conditions, such as at a height 
of, say, 50 feet above the street ; the usual height being from 
1 5 to 20 feet. For heights below 50 feet, but yet above the 
average, both transverse and longitudinal bracing between 
columns should be introduced. The question of grades has 
here been touched upon in so far as it affects the iron con- 
struction, and introduces essentially pew features. The varia* 
tion from standards at curves is almost exclusively in the 
details of connections and position of girders, and must be con- 
sidered specially in each case. 

The centrifugal force due to motion around the curve has 
to be considered, and it may be necessary to introduce addi- 
tional bracing to counteract its effect Sharp curves are of 
course necessary in turning into streets at right angles ; still 
by compounding they can be made fairly easy and of radii 
from 1 30 to 200 feet. 

The distance between centers of track on a straight line 
should be not less than 22 feet in order to give room for 
intertrack stations. It is of course economical construction to 
have this distance as great as possible ; it is, however, necessary 
to observe a certain distance from the house lines to the tracks 
on each side. 

Details of construction will be eonsidei«d in the following, 
where an example of modern construction is taken from the 
Fulton Avenue Extension of the Brooklyn Elevated Railroad. 

As will be seen, the construction is that of plate girders and 
was chosen on account of its greater stiffness and life than that 
of lattice girders, as well as the much smaller cost of its main- 
tenance. In comparing lattice girders to plate girders there is 
yet another feature which might be mentioned in this con- 
nection and deserves to be borne in mind, namely, the want of 
adaptability of lattice girders to other purposes than that for 
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which they are designed, while a plate girder may easily be 
altered and strengthened to serve in other places with safety 
and economy. The expansion of the structure is provided for 
at proper intervals, as will be seen later. 

Plates XVI and XVII give general plans and detail draw- 
ings of plate-girder structures on the Brooklyn Elevated Rail- 
road, as built under the direction of O. F. Nichols, M. Am. 
Soc. C. E., Chief Engineer, under the specifications given 
below. 

Art. 123. Specifications of the Brooklyn Elevated 

Railroad Company. ! 

First. The work to be done is to furnish all materials, implements 
and labor» and make and erect in a good and workmanlike manner the 
iron Elevated Railway structure between bent and 

bent in in the City of 

Brooklyn and County of Kings. All of the work to be done substantially 
according to the plans herewith, which represent the general type of 
structure, and according to these specifications and the plans and in* 
structions of the Engineer as from time to time may be given. 

Second. The iron structure will consist of rectangular posts or col- 
umns located on the edge of the sidewalk or in the roadway, supporting 
cross girders, which in turn support longitudinal girders generally riv- 
eted in between, and longitudinal station girders generally resting on top 
of the transverse girders. All of the longitudinal girders will be braced 
together with angle-iron braces, the entire structure being riveted to- 
gether in sections of about 200 to 300 feet in length. All or any part of 
the material to be of either wrought iron or steel and of such dimensions, 
sectional areas and forms of connections as shown upon the general 
plans and the detailed drawings and tabular statements to be furnished 
from time to time by the Engineer. 

Third. The foundations on which the columns are to be placed are 
to be erected by the Company, and the elevations and distances apart of 
these foundations will determine the dimensions of the structure so far 
as they are affected by the same. 

Fourth. The grades, levels, lengths of spans and dimensions given 
in the drawings or tables must be strictly adhered to, unless notification 
<){ change in the same be given by the Engineer in writing. 
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The Contractors shall, however, compare and verify all the general 
dimensions shown upon the various plans and tables before proceeding 
with any part of the work. Any errors or discrepancies must be referred 
to the Engineer for his decision, otherwise the Contractor assumes the 
responsibility for all errors or inaccuracies in the work, and will make all 
the necessary corrections at his own expense. 

Fifth. Expansion joints as per plans will be provided at such 
points as may be indicated, at intervals of about 200 to 300 feet. At 
all other points the ends of the longitudinal girders will be riveted 
to the webs of the transverse girders unless otherwise specially indi- 
cated. 

Sixth. The post and transverse girders must all be truly vertical, 
the ends of longitudinal girders and the expansion seats being beveled 
to provide for the grades as shown on the profiles. 

Seventh. Where the transverse girders are not at right angles to 
the longitudinal girders, bent plates will be used instead of angles to 
connect the girders. These plates will be bent across the fibers, and 
must not show any cracks or flaws after bending. 

Eighth. The station girders will generally rest with their bottom 
flanges on top of the transverse girders and be connected together by 
frames composed of angles and plates. 

Ninth. The vertical angles, filling and splice plates and stiffeners 
on all girders must 6t at their ends to the flange angles and to each 
other sufficiently close to be sealed, when painted, against the admission 
of water. 

Tenth. Web plates must not project beyond the flange angles nor 
be more than one quarter inch below the face of flanges on top. 

Tie plates must have their fibers in the direction of the stresses 
which thev are intended to resist. 

Eleventh. The ends of angles or channels comprising main mem- 
bers of columns must be planed off square at the bottom end and must 
fit close to the base plates. 

The bottom plate of column bases must be true and square to the 
axis of column, and shall be planed if necessary to secure this. All col- 
umns will be set three eighths of an inch above the masonry on adjust- 
ing wedges, and after being precisely plumbed the space between the 
base plate and the top of masonry will be completely filled with iron 
borings saturated with ammonia, when the adjusting wedges will be 
withdrawn and their places filled with the same material. All exposed 
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parts of the work must be neatly finished, and all superfluous corners of 
angles or plates neatly sheared of!. 

Twelfth. All rivets, unless otherwise noted on drawings, will be 
i inch diameter. In punching holes for rivets, the diameter of the die 
must not exceed the diameter of the punch more than yV of an inch and 
all punched holes and sheared edges must be smooth and neat. All 
rivet holes must be so accurately punched that when the several parts 
are assembled together a rivet ^V of an inch less in diameter than the 
holes can be entered hot into them without reaming or straining the 
iron by drifts. 

The distance between the edge of any piece and the center of the 
rivet holes must never be less than i^ inches excepting for lattice bars- 
and when specially figured on drawings, and wherever practicable this 
distance shall be at least two diameters of the rivet. 

When driven the rivets must completely fill the holes, have full 
heads, concentric with the rivet shaft, of a height generally not less than 
six tenths diameter of the rivet, and be in full contact with the surface 
and clasp the several pieces closely together. Whenever possible the 
rivets must be machine driven, but if hand driven they must be of iron. 

The several pieces of any member must fit closely together, and 
when riveted together must be free from twists, bends or open joints. 

All workmanship shall be equal to that of the most approved modern 
bridge construction. 

Thirteenth : Quality of Iron. All wrought iron must be tough, 
fibrous and uniform in quality, and have a limit of elasticity not less than 
26000 pounds per square inch. 

Finished bars must be thoroughly welded during rolling and be free 
from injurious seams, blisters, buckles, cinders, spots or imperfect edges.. 

When tested in specimen of a uniform sectional area of at least ^ 
square inch for a distance of ten inches, round iron must show an ulti- 
mate strength of 50000 pounds per square inch, and elongate 18 per 
cent in a distance of 8 inches. 

The same sized specimen taken from angle or other shaped iron and 
from any plates less than 20 inches in width must have an ultimate 
strength of 48000 pounds per square inch, and elongate 15 per cent in 
8 inches. 

The same sized specimen taken from plates exceeding 20 inches in 
width must have an ultimate strength of 46000 pounds per square inch, 
and elongate 10 per cent in 8 inches. 
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All tension iron must bend cold to an angle of 90 degrees on an in- 
side diameter of not more than twice the thickness of the piece without 
cracking. 

When nicked on one side and bent by a blow from a sledge, the frac- 
ture must be nearly all fibrous, showing few crystalline specks. All 
rivets must be made from best double refined iron, and they must not 
be burned or injured in heating. 

Fourteenth : Quality of Steel. Steel when designated for use 
in any part of the work must conform to the following requirements: 

It must be uniform in character and show no cracks on edges or 
corners of finished pieces. 

A test piece not less than twelve inches long and having a sectional 
area not less than one half square inch shall be prepared from each melt 
or blow, and all tests must show an ultimate tensile strength of not less 
than 56000 pounds nor more than 64000 pounds per square inch, an 
elastic limit of not less than one half the ultimate strength, and have an 
elongation of not less than 20 per cent in 8 inches. 

After being broken all test pieces must show fine-grained fractures of 
uniform steel gray color, free from a blackisli cast. 

In making bending tests the specimens must bend while cold 180 
degrees around a circle whose diameter is not greater than that of the 
test piece, without cracking or showing other evidence of weakness. 

The ductility of the metal must be such as to admit of a punched 
hole being enlarged by drifting, to a diameter 25 per cent greater than 
the original hole, without cracking the specimen at any point. 

Fifteenth. The Contractors will furnish without charge all speci- 
mens required to determine the character of material, ready for testing. 
They must also furnish the use of a testing machine at the mills where 
the metal is rolled, and must furnish all facilities for the inspection of 
material and workmanship during ,all processes of manufacture and 
erection. 

Sixteenth. Any girders or columns which shall fall short more 
than five per cent of the weight estimated from sizes shown on the 
drawings furnished or approved by the Engineer may be rejected for 
this reason, and no excess in actual weight of more than two and one 
half per cent over the total weight of completed structure, estimated as 
above, shall be allowed, except wholly at the expense of the Contractors, 
and without authorizing any claim whatever against the Company for 
such excess. 
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Seventeenth. In shipping and handling iron, every care must be 
taken to avoid bending or straining the pieces or damaging the paint. 
All work bent or otherwise damaged in shipping or handling will be re- 
jected. 

Eighteenth : Painting. All iron work before leaving the shop, 
•and as soon as possible after manufacture, shall be thoroughly cleaned 
from all loose scale, rust and dirt, and be given one good coat of paint 
made of pure red lead mixed with one ounce of pure lampblack per 
pound of lead and raw linseed oil. 

In riveted work, all surfaces coming into contact must each be given 
•one good coat of the same paint before assembling. Bottom of bed 
plates and all parts of the work which will not be accessible for paint- 
ing after erection must have two good coats of same paint before erec- 
tion. 

Immediately after each section of 200 feet of the structure is erected 
the iron work shall be thoroughly cleaned, and then painted with a good 
■coat of red-lead paint, mixed in raw linseed oil, but before this coat is 
applied, the joints between the web and flanges on the top surface of all 
girders, and all openings which are not effectively closed by the first 
coat of paint, mpst be thoroughly filled with a putty well beaten into the 
joints and rounded up, and any portion of the first coat damaged in 
shipping or handling must be repaired before the second coat is ap- 
plied. 

The putty for this purpose must be composed of equal parts of red 
lead and gilder's whiting, brought to the consistency of putty by thorough 
mixture with an oil obtained by mixing equal parts of linseed and fish 
oil. 

Immediately after the second coat of paint is dry the structure shall 
be painted an additional coat of paint, which shall consist of equal parts 
of white lead and oxide of zinc ground together with raw linseed oil, to 
which shall be added only sufficient coloring matter to produce the tint 
selected by the Engineer, and substantially that used on the Union 
Elevated Railway structure, and a minimum amount of liquid dryer. No 
painting shall be done when the iron is wet. 

The paint must be freshly mixed, and made to cover the work com- 
pletely with a uniform coat. Any of this paint left standing in pots 
over night shall not be used on the work. 

All paints must be thoroughly mixed and well spread, and worked 
over the surfaces by the brush without thinning. 
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None but the best I«:ads. lampblack and pure linseed oil shall be used 
in tiie paints, and no adulterants and no thinning of paint with turpen- 
tine or benzine will be tolerated on the work. 

All the materials for painting shall be subject to the closest inspec- 
tion and chemieal analysis at any and all times. The detection of bad 
material or workmanship will involve the rejection of all maierial on 
the ground, and the repainting of defective portions of the work. 

Nineteenth. The contractors must furnish travelers, staging, iaisc- 
work and machinery for erection, and erect, adjust, secure and paint all 
iron work in a workmanlike manner, and conform to the requirements of 
all ordinances in operation and permits issued to them or to the Com- 
pany by the public authorities. 

All loose rivets and defective work will be removed and replaced 
without unnecessary delay. All cast-iron wheel guards which may be 
necessary to protect the columns from injury will be furnished by tiie 
Companj'at points where needed, but the Contractors must properly set 
them in position and paint them, bedding them in cement mortar where 
not in contact with the column. This work is to be done without any 
extra expense to the Company. 

Twentieth. Such shop drawings as may be required by the Con- 
tractors shall be prepared by them without charge. 

All working plans varying from the standards furnished must be 
submitted to the Engineer for approval in writing before work is begun 
under them, and such plans shall be returned to the Contractors within 
five days from the time of receipt. 

The Contractors shall furnish the Company with a full set of prints 
of all working drawings made by them, as soon as such prints can be 
conveniently made. 

Art. 124. Maximum Moments and Shears. 

While it IS sufficiently correct to adopt a uniform load in 
calculating the bending moments of the longitudinal girders, ' 
the shears at the ends of these and the reactions at the trans- 
verse girders and columns are not nearly enough represented 
by the same uniform loading, and a rational treatment of the 
subject requires, therefore, that each of these cases be investi- 
gated separately, and a different equivalent uniform loading 
may then properly be adopted for each. The actual assumed 
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loading is made up o! two engines weighing eacli 25 tons, facing 
each other, and followed by cars weighing each, when loaded, 
20 tons, as shown on the accompanying diagram, where the 
moments at the different wheel bases have been calculated by 
the method described in Art. 62, Part I, of this work. 

By two or three trials it will be found that the position of 
this loading which produces the maximum bending moment 



Fig. 64. 
in the longitudinal girder is that where one of the front drivers 
is near the center of span. The mtahematical operation of de- 
termining such position and the resulting bending moment 
need not be repeated here ; taking a span of 50 feet as an 
example, the moment produced is 680400 pound-feet, which 
gives an equivalent uniform load of about 2200 pounds per 
track, and this equivalent will be found to be practically the 
same for all ordinary spans. The position of loading which 
gives the maximum shear at the end of longitudinal girders is 
that where the second driver of either engine is near the center 
of transverse girder, that is, so near as it can bt- without resting 
directly on the top chord of transverse girder, say 0.6" from 
the center. The maximum shear then becomes 62 700 pounds, 
or the equivalent uniform load about 2500 pounds per linear 
foot of track. Finally, the greatest reaction at the transverse ' 
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girders, and through them at the columns, is obtained when 
one front driver rests immediately over center of girder; it be- 
comes 91 800 pounds per track for two 50-foot spans, which 
corresponds to an equivalent uniform load of about 1840 
pounds per linear foot of track. In calculating the girders the 
weight of metal and of track must now be added to the live 
loads just determined. Referring to the estimates of weight 
made in the following ; the dead weight of a longitudinal girder 
with lateral bracing may be taken at 165 pounds per foot ; the 
track consisting of rails with their fastenings, ties and guard 
rail may be taken at 135 pounds per foot of girder. The live 
load for bending, as found above, was 2200 pounds per foot of 
track, giving a total load per foot of girder of i 400 pounds. 

The following unit stresses have been adopted : For columns 
6000 to 8000 pounds per square inch ; for the transverse gird- 
ers 10 000 in tension and 9000 in compression ; for the longi- 
tudinal girders 9000 in both tension and compression ; and for 
shearing 6000 pounds per square inch. 

Art. 125. Economic Depth. 

It is a matter of considerable importance in elevated-rail- 
road designing to fix upon a depth of longitudinal girders as 
near to that which is theoretically the most economical one as 
other considerations will permit. The great number of these 
girders magnify proportionately the saving of metal in each 
one, and the writer has deduced the following formula for de- 
termining the economic depth : 

Let w = total load per foot uniformly distributed ; 
/ = length of girder in feet ; 
s = stress per square inch ; 
X = depth of web | inch thick ; 
W = weight of girder ; 

c = weight of stiffeners, splices and rivets per vertical 
foot of depth. 
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2wP 10/ 

Then the weight of both chords =-rT —r- 

the weight of web f thick = iS^r/; 
the weight of stiffeners, etc. = ex. 

It will be noticed that in finding the stress on top and bot- 
tom chords the depth of web out to out is taken as the effect- 
ive depth. This is not strictly in accordance with theory, but 
it is believed that the web of the girder largely aids in resisting 
the bending, and that it therefore is quite proper to use the 
extreme depth in calculating plate girders. We now have 

W^^-^ + {iSl+c)x, 

dW 
differentiating and making -nc" = o, 

W={zol+2c)x, 
which inserted above gives 



=V 



^w 



(■'+v) 



6s 



The thickness of web is here taken at f inch, which should 
be a minimum thickness for all iron thoughout in order to 
reinforce the section against corrosion. If /= 50 feet, w =• 
1400, s = 9000, and ^ = 130 pounds, as estimated from the 
drawings, we get x = 4.29 feet. The depth decided upon for 
longitudinal girders in the present case was 4' 3". 

Art. 126. Design of Longitudinal Girders. 

We can now proceed with the calculations and determine the 
chord angles of the longitudinal girders. The bending moment 
for a 50-ft. span becomes 437 500 pound-feet, and the stress 
102 940 pounds, which divided by the allowable strain per square 
inch, 9000 pounds, gives a net section of 11.4 square inches and 
a gross section, allowing for two rivet holes in 6 X 4 angles 
about f inch thick, of 12.5 square inches. It will be found 
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very convenient to have prepared for use in calculating these 
' angles a table giving for each weight rolled, in 6 X 4 angles, the 
thickness, the corresponding section of one pair of angles and 
tiie net sections, deducting two or four rivet holes. A similar 
table should be made for angles and cover plates in transverse 
girders ; the sections for plates, if they are used, varying from 
12 X f to i6 X W inch. These tables are easily made, and 
as the sections of angles vary with the different mills they are 
not reproduced here. Two 6X4 angles, 12.5 square inches, 
weigh 20.8 pounds per foot, which is about the weight of an 
angle |^" thick. The top-chord angles weigh 19 pounds per 
foot and are about f " thick. 

For shear the total load is 15 50 pounds per foot of girder, 
giving 38 750 pounds at the end of each girder, requiring 10 
rivets. The depth of web at this place is 40 inches, and the 
net section, after deducting the actual eleven rivet holes, be- 
comes 1 1. 1 square inches, corresponding to a strain of 3500 
pounds per square inch. 

The end stiffeners, one angle 4 X 3i X i and one 3 X 3i 
X i inch^ have a net area of 4.7 square inches after deducting 
two rivet holes, and will therefore be strained to the amount of 
8250 pounds per square inch in transmitting the load to the 
transverse girder. The small 4X3 angles which attach the long 
girders to the top chord of the transverse take, of course, no 
part in transmitting this load ; they are referred to under the 
discussion of drawings. At the end of the expansion girders 
two angles 3 X 3 X i inch are used ; their net section is 3.7 
square inches, giving a strain of about 10 500 pounds per 
square inch in a column 4 feet long. A considerable part of 
the weight is, however, transmitted from the web through the 
bottom-chord angles directly to the bearing. 

The net area of splice plates, 7 X iV inch, is at once seen to 
be more than an equivalent for the web, as the number of rivets 
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is also in excess of that required to transmit the shear at that 
point and is made sufficient to hold the plates together in a 
substantial manner. The 3 X i inch stiffeners are introduced 
near the ends and at a distance from the end equal to the 
depth of girder, not to assist the web in taking the shear, as it 
was found amply strong enough to do, but as a modification 
■of the usual angle stififeners, to support the web laterally, that 
is, prevent its buckling. That they are at all necessary is an 
•open question, and it would indeed have been consistent with 
the general omission of stiffeners in longitudinal girders, which 
should be noted as a special feature in this design, not to have 
put them in. In the absence of sufficient knowledge on which 
to base a rational theory of the strains in plate girders, the 
step was, however, not taken fully ; but there can be little 
doubt about the capacity of the web for resisting more than 
the mere shearing stresses, as likewise the chords undoubtedly 
stiffen the web and support directly the vertical loads. The 
great saving effected m elevated structures by the omission of 
stiffeners is evident. 

Passing to an examination of the number of rivets required 
to connect the web and chords, the number shown will be 
found to be somewhat in excess of that theoretically needed. 
Thus the rivets from the end to the bar stiffeners are spaced at 
•3^' pitch, as is the usual custom at the ends of girders, thus 
giving perhaps 3 or 4 more than actually needed between these 
points. The pitch is then increased to 4" until a distance of 
about 10 feet from the end. The number required in this inter- 
val, assuming a maximum span of 60 feet with a uniform load- 
ing of 1400 pounds per linear foot, is about ii, as determined 
by the difference between flange stresses at these points. For 
the remaining portion of the girder a maximum pitch of 5" is 
adopted. 

Before completing the investigation of the longitudinal 
-girders, the effect of wind still remains to be considered. Its 
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effect on the structure in general' will not be considered, as it 
hardly amounts to one third of the aggregate dead and live 
loads, but it has been taken into account in the designing of 
the lateral bracing between the top chords of the longitudinal 
girders. These serve also the purpose of supporting laterally 
the compression chords. 

Taking the force of the wind at 30 pounds per square foot 
over the surface exposed, consisting of the car and side of 
girder, the wind stress becomes about 400 pounds per linear 
foot, and the introduction of additional rivets and gusset plates 
to connect the laterals becomes necessary towards the ends; 
at the end the accumulated stress in the lateral is somewhat 
over 10 000 pounds, and it is, as shown, transmitted by 3 rivets. 

Art. 127. Transverse Girders. 

The next to be considered is the transverse girder: the 
depth of the same should be sufficient to afford proper connec- 
tion for the expansion pocket, and, if at all economical, it is 
desirable to fix upon a depth that will obviate the use of cover 
plates. The absence of cover plates is not so essential in trans- 
verse as in longitudinal girders, where the ties rest immediately 
on the top chord and would have to be cut out to admit the 
rivet head ; but in either case the action of the cover plates in 
resisting strains is problematic, and the packing together of 
several thicknesses of iron has been found to hasten the rusting 
of the metal. 

The reactions at the points where the longitudinal girders 
are attached will for two adjacent spans of 50 feet each be pro- 
duced by a total uniform load of 1220 pounds per linear foot^ 
or equal to 61 000 pounds; adding to this the effect of the 
dead weight of the transverse girder, which may be taken at 
200 pounds per linear foot, the bending moment at the center 
of the transverse girder becomes 576 200 pound-feet, producing 
a stress of 1 15 200 pounds. This, for the top chord, where 9000 
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pounds per square inch is used, gifres a section of 12.8 square 
inches, and for the bottom chord, with a unit strain of 10 000, 
a net section of 11.5 or a gross section of 12.5 square inches in 
6 X 6 X tV angles ; tliese angles correspond in weight to those 
required, namely, 21.3 pounds per foot. In explanation of the 
greater unit stress allowed in the bottom flanges of transverse 
than in those of longitudinal girders, it should be stated that 
in the first place an increase of unit stress is allowable in view 
of the fact that they sustain a greater dead load in proportion 
to the live than do the longitudinal girders; besides this, the 
longitudinals act largely as struts in resisting the traction, while 
their bottom flanges are not laterally supported. Finally, it is 
desirable to have top and bottom angles of the same thickness 
in transverse girders where stiflfeners are used, and this is ob- 
tained by using a larger unit stress for the latter. 

The maximum stress of 61 000 pounds to be transmitted 
from the longitudinal to the transverse girders is at the fixed 
ends taken up by 21 rivet§, 8 of these being hand driven and 
13 machine driven. The bearing value of the former in a ^^'^ 
plate may be taken at 4500 pounds, and that of the latter at 
5500 pounds, giving a total value of 107 500 pounds. The net 
area of the web of the transverse girder at this point is 20.8 
square inches, deducting 13 rivet holes, and the maximum 
shear to be transmitted through the web of the transverse 
girder occurs at its connection with the outside longitudinal 
girder, and is equal to 2 X 61 000 + 3000 = 125 000 pounds, 
giving a unit stress of 6o<x> pounds per square inch. Following 
this shear into the column, it will be observed that the trans- 
verse girder bears both upon the inside and outside angles of 
the columns, and that through imperfect construction the total 
reaction of 125 300 pounds occurs over either pair of angles. 
The net section of web over the inside column angles is 22.8 
square inches, giving a shear of 5500 pounds per square inch. 
The number of rivets through the end stiffeners of the trans- 
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verse girder is 2i, having a total bearing value of 115 500 
pounds, and the net section of the girder through the stiflfener 
is 17.7 square inches, giving a unit shear of over 7000 pounds. 
Il should, however, be noted that the possibility of this shear 
entering the column through its riveted connection with the 
end angles of the transverse girders is exceedingly remote. 
The shear at the end of the transverse girders is probably 
distributed diagonally from the outside longitudinal girder 
connection to the bearings, and the reaction will, in time at 
least, principally take place at the inside bearing. The web 
at this place is seen to be amply strong in shear, and being sur- 
rounded on all sides by heavy angle irons it is, undoubtedly, 
also well protected against buckling. In special cases, where 
the load on the transverse girders is increased, the web should 
be reinforced between the outside longitudinal girders and the 
end angles, in order to properly resist the increased shear. It 
still remains to investigate the expansion pockets. The max- 
imum stress transmitted through these is equivalent to the 
maximum shear at the end of the longitudinal girder, or, as 
previously found, 38 750 pounds. The seat, consisting of two 
lO-inch channels about |" thick, present a surface of 9 X | 
inches, or 13.5 square inches shear, which gives less than 3000 
pounds per square inch. There are 12 rivets connecting this 
scat to the sides of the pocket, making the shear on each rivet 
somewhat over 3000 pounds. 

The pocket is connected to the transverse girder by 14 
rivets, the shear on each thus being about 2800 pounds. The 
7 X 3i X I angles present a net section of 8.1 square inches 
each, giving a unit shear of about 2400 pounds. Ample pro- 
visions are therefore made to secure a strong pocket. 

The load on the transverse girders will be increased at sta- 
tions to the amount of about 800 pounds per linear foot of each 
platform girder, and the number of rivets connecting the chord 
anelc.> to the web is calculated for this case. The difference 
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in chord stresses at the inside and outside longitudinal girders 
becomes 124 100 pounds, and the stress on each of the 20 rivets 
between these points 6200 pounds. The distance between the 
inside longitudinal girder and platform girder is 2.25 feet; ?he 
diflerence in stresses between these points is 18 lOO pounds, 
and is taken up by four rivets as shown. Between the inside 
longitudinal girders rivets have been spaced at a maximum 
pitch of 5i". The 7 rivets in the bottom chord, between the 
end of the girder and the outside longitudinal girder serve 
principally to transmit a portion of the shear to the column 
through the chord angles; they are pitched at a minimum 
distance. 

Art. 128. Supporting Columns. 

Turning now to an examination of the columns, no specific 
formula for determining their section has been used, but a unit 
strain of 6000 pounds per square inch is adopted. The forces 
acting upon the column are, first, the reaction at the end of the 
transverse girder; second, the traction on the rails; third, expan- 
sion and contraction of girders due to temperature changes; 
and, fourth, wind stresses. It would be rather hypothetical to 
determine the result of these last three forces, and the unit 
stress given above is therefore based on judgment rather than 
on a mathematical investigation. For ordinary spans whose 
reaction is 125 300 pounds it gives 4 angles 5 X 4 X | inches, 
which should be a minimum thickness. A unit stress of 6000 
pounds is believed to be safe for all heights, the very tall 
columns being supported by lateral and longitudinal bracing; 
in the case of columns supporting station platforms or other 
extra loading th;s stress might be increased to 7000 or 
even 8000 pounds, it being improbable that the column will be 
called upon to support the total maximum loading, and that 
even if this should occur, the column, like any other member, 
could occasionally support a much larger load than that for 
which it is designed. 
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The rivets connecting the column to the transverse girder 
have already been discussed. The two instd'C angles are con- 
nected by a plate i" thick with i6 rivets — ample to transfer half 
the load resting on the column ; the two outside angles are 
similarly connected. The stress is further distributed between 
the angles by plates and lattice bars, as shown. 

Finally, the platform girders have been designed to carry a 
load of 80 pounds per square foot, besides the weight of plat- 
form, canopy, building and stairs. Their depth, 4' i", is 
adopted to give the platform the right height in relation to the 
cars. The loading assumed gives in this case an equivalent 
uniform load of about 800 pounds per linear foot. The unit 
stress may be increased to 15000 pounds, but the thickness of 
iron should not be less than f inches. Stiffeners are here in- 
troduced merely to connect with the sway' frames which carry 
the floor joists and canopy. 

Art. 129. Drawings. 

The general and detail drawings are shown on Plates XVI 
and XVII. They have been frequently referred to already, 
and it only remains to point out a few characteristics not yet 
touched upon. Thus, in the design of the connection between 
transverse girder and column, the object has been to make 
one that would be simple and q<iick in erection. The trans- 
verse girder can easily be put in position, and need only be 
secured in the column by a few bolts during erection of the 
longitudinal girders, and even when supporting the traveler. 
The projection of the longitudinal girders above the top chord 
is an important feature in tracklaying, as the continuity of the 
top chords and the longitudinal girders allows the ties to be 
spaced at regular intervals without interruption. The girders 
are placed 6 feet betvyeen centers, which is considered a favor- 
able position for supporting the standard-gauge track. Only 
top lateral bracing has been used, and no end sway frames ex« 
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cept at the expansion ends, which are loose. There can be no 
doubt of the sufficient stiffness of the lower parts of these 
girders, aided as they are by two intermediate sway frames, to 
resist whatever compression may be induced through traction 
or expansion. In designing the expansion pocket it is impor- 
tant to provide a bearing which will distribute the pressure of 
the longitudinal girders as uniformly as possible. The bearing 
here consists of two loinch channels riveted together back to 
back; the 5X3 angle placed in front of these channels is, of 
course, not intended as a seat, although it is expected to distri- 
bute part of the pressure. Care should be taken to allow so 
much room that the girder cannot contract enough to bear un- 
proportionately on this angle. The assumed expansion is about 
li inches for a variation of 100° in temperature. The dimension 
•chosen for the column is 16 X 14 inches, the larger width be- 
ing placed transversely to the structure, and the 5X4 angles 
having their larger flanges in the opposite direction in order 
to compensate therefor. The columns have a wrought-iron 
base built, as shown, of plates and angles, and are secured to 
the foundations by four i|-inch round bolts about 4 feet long. 

The platform girders are riveted together at their ends 
over the transverse girders ; they are also riveted to the trans- 
verse girders except at expansion points, where bolts and 
slotted holes are used. These girders are provided with holes 
in their top flanges for lag screws to secure the timber 
construction of the platform with. The sway frames which 
support the latter are placed at intervals of about 13 feet ; 
they also support the single canopy post in the manner 
shown. 

Art. 130. Estimate of Weight. 

The estimate of weight is now made, the form used being 
as follows, which gives all the parts of one fixed transverse 
girder : 
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Description. 



Bottom chord . . 

Top chord 

End stiff eners.. 
•I t» 

Web 

Splice 

Fillers 

<* 



Rivet heads. . . . 



Sec- 
tion. 



Angle 



II 



II 



<i 



Plate 



«i 
It 



Sizes. 


Length. 


Weiirht 
Foot. 


No. of 
Pieces. 


Remarks. 


Pounds 

1 


6"X6" XA" 


34' 


2*" 


21.3 


2 




I 457 


<i 


31' 


loj" 


21.3 


2 


Cat 


I 342 


5"X3i"Xf' 


5' 


3" 


134 


4 




281 


3"X3i"Xi" 


4' 


loi" 


lO.O 


8 




392 


591" X t'," 


17' 


or 


87.1 


2 


Cut 


2907 


7" XA" 


4' 


o" 


7.3 


2 




5S 


3" XA" 


4' 


o" 


5.6 


8 




179 


3i" X A" 


4' 


3" 


6.6 


4 




113 


i" 






o.4®pr. 


452 


Pairs 


181 



Weight of one fixed transverse girder 6 910 

In the same manner the weight of one expansion trans- 
verse girder is found to be 7217 pounds, of a fixed longitudinal 
girder 7569 pounds, and of an expansion longitudinal girder 
7579 pounds. The weight of the lateral bracing for one fixed 
span is 1109 pounds, and that for one expansion span is 1270 
pounds. The weight of one column, taken 20 feet in length 
from the base to the girder seat, is 2715 pounds. The weight 
of one platform girder is 5973 pounds, and that of one sway 
frame 1065 pounds. 

We now have for the weight of one fixed span : 

Pounds. 

1 transverse girder 6910 

4 longitudinal girders 30 276 

Bracing 2 218 

2 columns 5 430 



Total 44 834 

And for the weight of one expansion span : 

1 transverse girder 7 217 

4 longitudinal girders 30 3 16 

Bracing 2 540 

2 columns 5 430 



Total 45 50^ 
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And for the weight of one station-platform span : 

2 girders 1 1 946 

4 sway frames 4 260 

Total 16 206 

In one mile there would be about 105 spans, with 26 in 
expansion and 79 fixed ; assuming 4 stations in this distance, 
each of 5 spans, and adding 14CX) pounds to the weight of each 
transverse girder supporting the station platforms, or in all 
33 600 pounds, the total weight of iron superstructure per mile 
becomes 5 082 684 pounds or 2541 tons. 

In estimating the cost of erecting this iron due regard 
should be had to the character of the streets through which it 
has to be hauled, and the length of such haul, as well as to 
that of the streets in which it is to be erected. The condition 
of pavement and traffic; obstructions overhead in the form of 
electric wires ; poles, lamp posts, hydrants, sewer basins, etc., 
etc., to be removed, — will all affect the cost of erection. 

The price per pound of iron for the superstructure of an 
elevated railroad, erected and painted, was in 1893 at Brooklyn, 
N. Y., about 3 cents. 

Art. 131. Erection. 

In the erection an overhead ** traveler " with three booms 
is used. The ** traveler " is mounted on rollers, and rests 
usually on the two inside longitudinal girders. The center 
boom, which is tlie longest, lifts first the two columns ahead 
and puts them in place, one at a time ; next the transverse 
girder which rests on top of these columns. The two shorter 
booms, one on each side, handle the longitudinal girders. 

The erection has usually to be very rapidly accomplished, 
and in the erection of the Brooklyn Elevated Railroad on 
Fulton Avenue of that city, done by the Edge Moor Bridge 
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Company, an average progress of 8 spans per day, or about 
200 tons, was reported. The highest record of any one day 
of 10 hours was 12 spans or 350 tons, some of the spans 
having six girders. The great advantage of the drop ends on 
longitudinal girders, and the connection used between trans- 
verse girders and columns, in rapid erection is apparent. 

The span just erected is temporarily bolted together with 
a few bolts before the " traveler " advances upon it to take 
up the next, but no rivets are driven until at a later stage of 
the work, and after the structure has been carefully plumbed. 
Then follow the painting and tracklaying. 
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CHAPTER XIX. 

A HIGHWAY BRIDGE FOR ELECTRIC-RAILWAY TRAFFIC* 

Art. 132. Weights of Electric Cars. 

The usual live load for computing the trusses of a highway 
bridge is that of a crowd of people on the roadway, and values 
for different classes of structures are given in Chapters III and 
VII, the latter containing a design in which the weights of 
•electric cars are also considered. The rapid introduction of 
•electric railways renders it important that highway bridges 
near large towns should be proportioned with this traffic in 
view, and accordingly an example of a recent structure is 
here presented. 

The following additional information regarding the weights 
•of electric cars is given us a guide in preparing specifications, 
but it should be borne in mind that these are liable to in- 
crease as the traffic becomes more developed. 

A street car with a body 16 feet long and platforms each 
3j feet long mounted on a four-wheel truck is about the 
shortest used, and when fitted with a single-motor equipment, 
which answers the purpose when the grade does not exceed 4 
per cent, weighs from 10 000 to 13 000 pounds. The standard 
car as used by electric railways for city use has a car body 
18 feet long and platforms 4 feet in length. When provided 
with double-motor equipment this car weighs from 14 000 to 
19000 pounds. These lengths are sometimes increased to 20 

•Prepared, except Art. 132, from data furnished by H. O. Duerr, Manager 
• of the Lehigh Valley Construction Company. 
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feet and 5 feet respectively. A trail car with a 16-foot body 
weighs about 9000 pounds. Four-wheel trucks have wheel 
bases of 6, 6J and 7 feet, the latter being the usual one on the 
city lines. 

For cars mounted on double trucks the lengths of body 
most generally adopted are 22 and 25 feet. These pivotal 
trucks are spaced about 18 feet between centers, and the 
wheel base of each truck varies from 4 to 5 feet. When 
equipped with double motors suitable for these cars, which are 
mostly employed on inter-urban lines, the weight is 19000 
to 22 000 pounds. The smaller cars of this type with trucks 
spaced 12 to 13 feet between centers run as low as 12 coo 
pounds in weight, and the larger cars may have bodies as long 
as 32 feet, the maximum spacing of trucks being about 24 
feet. Vestibuled ends increase the weight about 800 pounds. 

The maximum carrying capacity of street cars may be es- 
timated at about 4 passengers per linear foot of car including 
platforms. In Art. 65 reference is made to motor and trail 
cars of the double-deck type, the weights given applying to 
the heaviest probably yet constructed for electric railway's. 
The carrying capacity of these cars is considerably larger than 
the preceding estimate for single-deck cars. 

For most bridges it will generally be found that the dead 
load of a crowd of people will require heavier trusses than 
electric cars alone, since under present methods but one 
or two of these are on a span at the same time ; the stringers 
and floor beams, however, are usually increased in size under 
the wheel loads of motor cars 

Art. 133. General Description. 

The bridge chosen for illustration is one over the Lehigh 
River between West Catasauqua and Hokendaqua, Pa., com- 
pleted in 1894 by the Lehigh Valley Construction Company, 



HIGHWAY BRroOE OVER LEHIGH RIVER, 
HOKENDAUQUA, PA, 
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H. O. DUERR, Manager and Engineer. Beginning on the 
west side at Hokendaqua, it consists of one plate-girder span 
of 60 feet over a highway, three pin-connected spans of 158 
feet each over the Lehigh river, one similar span of 158 feet over 
the Lehigh Canal, one lattice-girder span of 56 feet over the 
Central Railroad of New Jersey, and one plate-girder span of 
36 feet over a highway in West Catasauqua, It is a deck 
strucrure throughout, the roadway for wagons and electric 
track being 25 feet wide, with a sidewalk 5 feet 111 width 
on the north side. These lengths of spans are from center to 
center of piers, so that the total length of the bridge is, very 
closely, 784 feet. 

In Fig. 65 is shown the plate-girder span on the western 
end and part of one of the pier spans, while Fig. 66 shows a view 
the central river span, both being from photographs taken 
during the erection. Plate XVIII gives the shop drawing of 
the end post and end chords of one of the pin spans, on a scale 
one third of that of the original. Fig. 67 shows a floor beam 
with the arrangement of the floor timbers and railing. 

The two abutments and six piers contain about 2500 cubic 
yards of masonry, the piers in general being 5 feet wide and 30 
feet long on top, their elevation being such as to give sufficient 
clearance above the highest known water mark, and a clear 
headway of 20 feet above the railroad tracks. 

The four main spans have trusses 20 feet deep and 18 feet 
apart between centers. The east end of the east pin span is 
on a skew about yj degrees, the lattice truss and eastern plate 
girder having the same skew on both ends. The western plate 
girder has also a skew of 70 degrees with the abutment. 

The material in the trusses and floor beams is mild steel 
with an ultimate strength of from 56 ocx) to 65 000 pounds per 
square inch. The floor joists and planks are oak. The total 
amount of steel used was 700000 pounds, and of lumber 
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140000 feet board measure, which makes the dead weight ol 
1 the bridge about 1 500 pounds per Hiiear foot. 

The material was rolled at the mills of the Pennsylvania 
Steel Company, Steelton, Pa., and the bridge work was manu- 
factured at their shops from drawings made by H. O. DUEKR. 

The cost of the bridge was aboul $42000, of which $11 000 
was for the masonry work, $29400 for the superstructure, 
and $1600 for general expenses. This is at the rate of neariy 
$54 per linear foot for the total, or about $37.50 per linear foot 
for the bridge structure proper. The cost was divided as fol- 
lows : $17 600 was paid by Lehigh County, $17 600 by North- 
ampton County, $1800 by the Central Railroad of New Jersey. 
and $5000 by the electric Railway Company whose line crosses 
the bridge. 

Art. 134. Plans and Proposals. 

The Lehigh River at the site of the bridge is the dividin^^ 
line between Northampton and Lehigh counties, the former 
being on the east side of the river. The people of the vicinity 
being desirous of a bridge petitioned the courts of the two 
•counties, which appointed viewers to determine whether a 
bridge was necessary and, if so, to select a site. The viewers 
after hearing the testimony reported that a bridge was neces- 
sary, and stated the location that it should occupy. 

The county commissioners were then given the matter in 
charge for the purpose of constructing the bridge. After con- 
ferring with the railroad and canal companies they decided 
that the structure should be built over the canal and the rail- 
roads on both sides of the river as well as over two public 
roads, in order to avoid the grade crossings. The railroad 
•companies agreed to build the spans over their tracks, thus 
saving the expense of watchmen. As the Lehigh Valley 
tracks on the west side are about 300 feet from the river it 
Avas decided to build abutments and fill in this distance be- 
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tween them rather than to span it with iron ; hence tne oridge 
over those tracks is a separate construction not included 
an*ong the seven spans mentioned in Art. 133. 

The county commissioners then appointed F. E. SCHALL, 
bridge engineer of the Lehigh Valley Railroad, to stake out 
the site and get up the general data and specifications for the 
purpose of inviting proposals from masonry contractors and 
bridge companies to bid upon the work. This important mat- 
ter of having an engineer is often neglected in the erection of 
county bridges, but. as mentioned in Chapter IX, it is a very 
necessary step in order to secure a good bridge. 

In asking for bids the commissioners fixed the elevation of 
the abutments and piers, and allowed bidders the privilege of 
submitting their own designs as to length of span and depth 
of truss. The bridge was to be constructed according ta 
Cooper's Highway Bridge Specifications, Class B, the live load 
to be as follows : a weight of 80 pounds per square foot of 
floor and sidewalk, or concentrated loads of 16000 pounds 
upon four wagon wheels on a base of 8 feet, and an electric-^ 
motor car weighing 27000 pounds on a wheel base of 6 feet 
followed by a trailer weighing 20000 pounds on the same 
wheel base. 

There were seventeen bidders for the superstructure, whose 
offers ranged from $18670 to $34 000. All of the proposals 
embraced the plan of one span over the canal and either three 
or four spans over the river. The proposals were referred by 
the commissioners to their engineer for examination, and out 
of the seventeen only about six were found which were in ac- 
cordance with the specifications. 

After receiving the report of the engineer and thoroughly 
discussing the designs of the bidders the contract was awarded 
to the Lehigh Valley Construction Company at $26027.50, for 
the seven spans as described in Art. 133. 
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The masonry work was let by the commissioners for $ii ooo, 
and a few alterations in the plan of the superstructure being 
thought advisable these were agreed upon for an addition of 
$3373.50 to the original contract price. 

Detail drawings of the superstructure, embracing 19 sheets 
each 30 X 40 inches, were made in June and July,' 1893, and 
the work of its manufacture let to the Pennsylvania Steel Com- 
pany. Plate XVIII gives one of these sheets, in which, how- 
ever, the lovver chord, skeleton truss diagram and title have 
been moved from the original position in order to facilitate the 
photographic reduction. 

Art. 135. Stresses and Sections. 

On Plate XVIII is seen a skeleton diagram of the Pratt 
truss of the four main spans of this bridge, and in Fig. 67 the 
cross section of the floor. The trusses are eighteen feet apart 
between centers, and the sidewalk is on the north side of the 
bridge. From the south end of the floor beam to the center 
of the south truss the distance is 3 feet 6 inches. One rail of 
the railway track is 7 inches south of the center of the south 
truss, and the other is 4 feet 3 inches north of the center of 
that truss. The total length of the floor beam is 30 feet 3 
inches, and the center of the north truss is 8 feet 9 inches dis- 
tant from the north end of the floor. With these dimensions 
the student will be able to apportion the live loads between 
the two trusses. It will be found that the uniform load of 80 
pounds per square foot produces the maximum stresses in 
both trusses and floor beams. 

The depth of these spans is 20 feet between centers of 
trusses, and their length between centers of end pins is 155 
feet 8 inches, which is divided into nine panels. The dead 
load per linear foot per truss being assumed at 750 pounds and 
the live loads as stated in Art 134, the stresses may be com- 
puted by the student and the sections be checked. The fol- 
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lowing are the stresses and sections for a few of the members, 
the former being in pounds and the latter in square inches. 
The stresses are for the truss between the roadway and the side- 
walk, which receives the heavier load, but in construction the 
other truss was built of the same size in all respects. 

Live-load Area. Make Up. 

Stress. 
+ 83800 

+ 188000 

+ 209000 

+ 99200 

O 

— 146000 

+ 209000 

± 19000 

± 29200 

-75300 

Plate XVIII shows the arrangement of sections of chords 
and posts, and gives dimensions for the two end panels. The 
middle upper chord UJJ^ is made up of a cover plate if X f", 
two web plates 14'' X xV''» ^^"^^ upper angles 3" X 3" weigh- 
ing 8.9 pounds per foot, and two lower angles 4" X 3" weigh- 
ing 1 1.7 pounds per foot. The upper member U^U^ has theo- 
retically no direct stress from the dead or live load, but 6000 
pounds was estimated for wind and 8000 pounds for traction, 
and it is made up of one plate 8" X -^^" and two angles 3" X 
2\" X i". The strut U^L^ receives the maximum stress of 
35 000 pounds, and is made up of two 8-inch channels weigh- 
ing 12 pounds per foot. 

The plate-girder span at the west end, shown in Fig. 65, has 
the north girder 54J feet long over all and the south one 61 
feet over all. The web in each is 7if inches deep and f inch 
thick with stiffeners 15 feet apart at the middle and decreasing 
to 3 feet 9 inches apart n6ar the ends. The flanges are com- 



Member. 


*Dead-load 




Stress. 


A4 


+ 45 000 


AA 


+ loi 000 


A4 


+ II2O0O 


U.L, 


+ 51500 


L,U, 


+ 6000 


u,u. 


— 76800 


u,u^ 


— II2000 


l,l: 





u.u: 





U,L, 


— 39000 



9.38 


2 bars 5" X iV' 


20.00 


4 bars 5- X i 


22.50 


4 bars 5 X ij^ 


10.63 


2 bars 5 X lyV 


0.60 


I rod i" 


21.90 


See Plate XVIII 


31.00 


See below 


1.23 


I rod li-" 


4.20 


I angle 4 X 3 X | 


15.60 


See Plate XVIII 
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posed of iwo angles ; X 4 X f inch, with a cover plate 
12 X tV '"^'^ ^"'^ 42 '^*t long. Rivets 
are f inch diameter in ^|-inch holes, 
and the pitch is 6 inches at the middle 
of the girders, decreasing to 4 inches 
near the ends. 

Art. 136. The Floor System. 

The floor beam is 20 inches deep 

between backs of angles and has a web 

I9S X B inch. It is without stiffeners 

except at points directly over the 

centers of trusses, where two are placed 

as shown in Fig. 67. The flanges are 

equal in size, each being made of two 

angles 3X3 X-jV inch, giving a gross 

^ section of 4.75 square inches and a net 

. section of 4.02 square inches. The 

b^ pitch of the rivets is 6 inches for 11 

feet near the middle, decreasing to 2f 

inches over the trusses. 

The joists and stringers rest upon 
brackets riveted to each side of the 
floor beam. The two stringers under 
the rails of the electric track are each 
12 X 15 inches, and the maximum stress 
produced in them from the specified 
motor car is about 1040 pounds per 
square inch. The joists which support 
the floor plank are 3X15 inches. The 
roadway plank are of oak, like the joists 
and stringers, 3 inches in thickness, and 
bolted to a 6 X 6 inch guard timber at 
•.'r^'""Ti» ^ tjjg ends. The clear width of the road- 
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way IS 24 feet between the guard timbers and 25 feet between 
the railings. 

The sidewalk is 5 feet wide in the clear, its floor being of 
2-inch plank and raised 6 inches above the level of the road- 
way. The side railings have vertical angle irons at each floor 
beam and a pipe top, A two-line pipe railing is also placed 
between the sidewalk and the roadway. 

The tops of the rails of the electric track are on a level with 
the surface of the roadway, the planks being broken as seen in 
F^g* 57* At the track stringers, as these are lower tlvin the 
joists, the planks rest upon oak pieces 3X1 inch on each side 
of the rail. 

Art. 137. Method of Erection. 

The masonry work was begun in July, 1893, and completed 
in December. The erection of the superstructure was started 
in the latter part of October and the bridge was completed on 
January i, 1894. When the river spans were erected there was 
about four feet of water in the river, the bottom of which is pf 
rock and gravel. The staging or falsework for the erection of 
these spans consisted of eleven bents, each of two 10 X 12 inch 
high posts with a 10 X 12 inch cap, braced crosswise by two 
2x12 inch planks, all securely bolted together. On top of these 
bents a temporary floor was laid, the stringers for the perma- 
nent bridge being used for this purpose. About 25 000 feet of 
lumber was needed in the falsework for each span. 

The cost of erection was low, as the facilities for delivering 
materials and lumber were of the best. The railroad being 
very near the site the material was unloaded by a derrick and 
moved to the west abutment on a short tramway, where it was 
hoisted by a portable engine and derrick. After one span had 
been erected the derrick was put on top of the bridge, as seen 
in Fig. 65, and the material then run out to the traveler, from 
which it was taken and placed in position. 
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The traveler, seen in Fig. 66, is an important and interest- 
ing piece of machinery. It consists of six bents made of oak 
posts T Ys J inches, and cross pieces 6x6 inches, mortised into 
a sill ID X lO inches. This sill was supported by four wheels 
which ran on a track made of old railroad rails, and thus the 
traveler could be easily moved backward and forward. On 
each post a crab was placed, thus giving six crabs with which 
to handle the material. The traveler being 35 feet long, the 
posts were 17 feet apart, thus bringing them near the panel 
points of the truss and enabling two panels to be erected at a 
time. ' This was particularly advantageous at the hip joint, 
where there is no vertical post on which to raise the top chord. 
This particular form and style of traveler is believed to have 
been first used by the erecting engineer of the Philadelphia 
Bridge Works, Pottstown, Pa. 

The operation of erection was as follows: first, the lower 
chords were laid out in order on the falsework and the bed 
plates and shoes on the bridge seats ; second, the end posts 
and first panels of the top chords were erected ; third, the 
hip verticals and the ties for the first panel were put in place; 
fourth, the shoe and hip pins were driven ; fifth, the first verti- 
cal post was erected ; sixth, the lower-chord pins at the hip 
and first vertical post were driven, and the first lower lateral 
strut bolted in place. The traveler was now moved forward 
far enough so that the hip floor beam could be laid, then the 
upper laterals were put in for the first panel. The operation 
•was thus continued as the traveler advanced, the stringers 
being laid panel by panel, the lower diagonal braces and sway 
bracing coming last in order. The span being in position, 
lield by the pins and bolts, it was next swung free, and the 
riveters began their work. 

The frame seen in Fig. 66, leaning against the pier in the 
foreground, is a hoisting arm which was attached to the 
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traveler after the erection of the span and used to assist in 
putting up the falsework for the next span. As a bent was 
taken down it was floated around the pier, caught by the hoist- 
ing arm and drawn up into a vertical position. 

The falsework for one span was put up in two days, and 
the material was handled, put into place, and the span erected 
in two and a half days, at a cost of $250. In this work a force 
of about 35 men was employed, divided into six different gangs. 
One gang unloaded the material and delivered it to the bridge, 
another hoisted it upon the bridge and transferred it to the 
point of erection, the third put the members in their proper 
places and fastened them with bolts, the fourth riveted the work 
together, the fifth laid the floor, and the sixth painted. These 
gangs were organized as early as possible upon starting the 
erection, and each was kept at the same work until the com- 
pletion of the bridge. The matter of erection is a very im- 
portant one which now receives much attention, as its cost is an 
item depending upon local conditions, cost of lumber and of 
labor, as well as upon the weather and the character of the river. 
In each particular case the problem of erection must be care- 
fully studied, so as to reduce these uncertainties to a minimum, 
and render its cost very closely determinable in advance. 

During the progress of the work it was under the constant 
inspection of the engineers representing the commissioners, 
and thus a first-class bridge has been the result. The plan of 
having a reliable engineer in charge of the letting and con- 
struction of bridges by town and county authorities is the 
only one by which safe and economic structures can be 
secured. When an engineer is in charge reputable builders 
will not have to cope with others who bid on one thing with 
the intention of constructing something very different, and 
every irregularity is checked on its first appearance. Any one 
can buy a bridge, but only an engineer can do so and secure 
proper stability and greatest economy. 



ELECTRIC-RAILWAY BRIDGE. 



Accident caused hy a Flood. 



The history of this bridge will not be complete without an 
account of an accident which occurred since' the above was 



Fig. 6S. 
written and while this book was in press. On May 21, 1894, 
the Lehigh River, swollen by a very heavy rainfall of two 
days, rose to a height of 14 feet above mean low water, form- 
ing the greatest flood since 1869. At the highest stage' the 
water line on the piers of the bridge was slightly above the 
copings of the cutwaters. On the morning of May 21 it was 
observed that the down-stream end of the eastern river pier 
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-was sinking, and this continued through the day accompanied 
by a slight sidewise motion, the entire displacement of that 
end being nearly 2 feet vertically and about 6 inches laterally. 
Fig. 68, from a photograph taken a few days later, shows the 
cracking of the pier and the tipping of the trusses of the two 
adjacent spans which threw the floor and railing over the pier 
nearly 3 feet out of line. It also shows the buckling of the 
lower chords in one of the end panels adjacent to the pier. 
The upper lateral system was also badly distorted, some diag- 
onals being buckled and others highly stretched. Undoubt- ' 
-cdly the bridge was saved by the resistance of these laterals 
aided by the portal bracing and the stiffness of the floor. 

The pier which failed had its foundation on gravel, and 
-care had not been taken to protect it by riprap. Under ordi- 
nary circumstances it might have safely stood for many years, 
but the failure teaches that unusual conditions must not be 
left out of sight. 

Soon after the accident the county commissioners con- 
tracted with the Lehigh Valley Construction Company to re- 
build the pier, and to make the necessary repairs to the super- 
structure, the Company to furnish all materials and labor at 
cost and to receive twenty iive per cent thereon for superin- 
tendance and the use ot tools.' The two adjacent span^ were 
jacked up on four bents placed under panel points, the pier 
taken down nearly to the water line, a cofferdam built around 
it, the remainder of the pier taken out, and its reconstruction 
on a good foundation is in progress as the last pages of this 
book go to press, July 30, 1894. 
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• A TRBATISB ON H7DRAULIOS. 



Designed as a Text- Book for Technical Schools and for the 
use of Engineers. By Professor Mansfield Merriman, Lehigh 
University. Fourth edition, revised 8vo, cloth, $8 50 

"As a whole this book is the mo^t valaablo addition to the literature of 
hvdraalic science which has yet appeared In America, and we do not know 
of any of eqaal value anywhere eae.^'—B<Bilroad OauUe. 

*'With a tolerably complete knowledge of what has been written on 
Hydraulics in England, France, Germany, United States, and to some Extent 
Italy, I have no hesitation in aaying that I hold this book to be th*^ best 
treat'se for students, youn^r or old, yet written. It better presents ihe 
primary essentials of the art."— From Climsnb Hebschel, Hydraulic 
jBngineer of the Noiyoke Water Power Company. 

A TBXT-BOOE ON THB METHOD OF liBAST SQUARBS. 
By Mansfield Merriman, C.E., Ph.D., Professor of Civil 
EIngineering in Lehigh University. Fifth revised edition. 

8vo, cloth, 2 00 
This work treats of the law of probability of error, the ad- 
justment and discussion of observations arising in surveying, 
geodesy, astronomy and physics, and the methods of compar- 
ing their degrees of precision. Its rules and tables will assist 
all who wish to make accurate measurements. 
** This is a ver3' useful and much needed text-book."— /SSff<m<». 

''Even the casual reader cannot fail to be struck with the value which 
such a book must possess to the working engineer. It abounds in illnstra- 
tioDB and problems drawn directly from surveying, geodesy and engineer- 
ing." —^ff^neeHngr Ntwe. 

the bfleohanios of materials and of beams, 
oozjUmns, anb shafts. 

By Professor Mansfield Merriman, Lehigh University, South 
Bethlehem, Pa. 

Fourth edition revised and enlarged. 8vo, cloth, interleaved, 8 50 

*'We cannot commend the book too hic^hly to the consideration of all 
Professors of Applied Mechanics and Engineering and Technical Schools 
and Colleges, and we think a eeneral introduction of the work will mark an 
advance in tlie rational of technical Instruction."— J.>n^<:a/» Engineer. 

"The mathematical deductions of the laws of strength and stiffness of 
beams, supported, flxed, and continuous, under compression, tension and 
torsion, and of columns, art* elegant and complete. As in previous books 
by the same author, plenty of practical, orierinal and modern example? are 
Introduced as problems."— iVoceedtnfirj Engineers'' Club ff Pf.iladelphia. 



J^ TBXT-BOOK ON ROOFS AND BRIDaES. 

Being the coarse of instruction given by the author to the 
students of civil engineering in Lehigh University. 
To be completed iu four parts. 

Part I. STRESSES IN SIMPLE TRUSSES. By Professor 
Mansfield Merriman. Third edition. 8vo, cloth $2 5(X 

** The author srives the mnst modem practice in detennintng the stresses 
due to moving loadH, iak1n<r actual typical locomotive wheel loads, and 
reproduces the Phoenix Bridge Go's diagram lor tabulating vrheel move- 
racntt*. The whole treatment is concise and very clear and elegant."— ^oi/- 
road Gazette. 

Part II. GRAPHIC STATICS. By Professors Mansfield Mer- 
riman and Henry S. Jacoby. Second edition. 8vo, cloth, 2 50 

'' The plan of this book it* simple and easily understood ; and as the treat- 
ment of all problems is graphical, mathematics can scarcely be said to enter 
Into its composition. Jadeing from our own correhoondence. it is a work 
for which there is a decided demand untside of technical schools.*^ 

—Enginmring yinoa. 

Part III. BRIDGE DESIGN. By Prof. Mansfield Merriman 
and Prof. H. 8. Jacoby. 8vo, cloth 5 OO 

This volume is intended to include the design of plate girders, 
lattice trusses, and pin-connected bridges, together with the 
proportioning of details, the whole being in accordance with 
the best modern practice and especially adapted to the needs 
uf students. 

THE FIGURS OF THB BARTH. An Introduction to 
Geodesv. 
By Mansfield Merriman, Ph.D., formerly Acting Assistant 
United States Coast and Geodetic Survey. 12mo, cloth 1 50 

" It is so far popularized, that there are few persons of ordinarv intelli- 
gence who may not read it with profit and certainly great interest." —^jK- 
neering New*. 

** A clear and concise introduction to the science of geodesy. The book 
is interesting and deals with the subject in a useful, and to some extent, 
popular maxmer. "—London Engineering. 

A TEXT-BOOK ON RBTAINING WAIiLS AND BCASONRT 
DAMS. 

By Professor Mansfield Merriman, Lehigh University. 

8vo, cloth, 2 00 
This work is designed not only as a text-book for students 
but also for the use of civil engineers. It clearly sets forth 
the methods of computing the thrust of earth against walls, 
and the investigation and design of walls and dams in the 
most economic manner. The principles and formulas are 
illustrated by numerous numerical examples. 
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